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A ARTRACT

A number of nalyvulfideR fluoronelastonmra. :ol% irethanpea. enoxiden-

polyols and polybutadiene copolymers were evaluated as potential one-
package. fill and drain type surface coatings suitable for the preserva-
tion of aircraft integral fuel tanks against attack by corrosive elements.
Very inferior acid, distilled water, and salt wate /JRF resistance was
found with polysulfide polymers whica were cured with epoxides, isocyanates,
or combinations of both. A surface coating derived from PR-1560-M (Part A),
an isocyanate adduct, and Hycar MrBN, a mercaptan-terminated polybutadiene:
acrylonitrile copolymer, exhibited good acid, water and fuel resistance.
The adhesion to MIL-C-5541 Alodined aluminum surfaces was marginal and
could only be improved at the expense of acid resistance. Isocyanate cured
fluoroelastormr coati'ngs containing carbon black possess superior acid,
water and fuel resistance. Efforts to increase the moderate aluminum ad-
hesion were uns;ccessful. A surface coatinr composed of PR-1057/PR-1560-H
(Part A)/cellosolve acetate in a 5.5:2.0:2.5 weight ratio was formally
tested under the conditions of specification MIL-C-27725A (USAF). All re-
quirements of the specification applicable to a one-package system were
passed. The formulation applies easily to clean and dry MIL-C-5541 alumi-
num surfaces by fill and drain, brush or spray techniques.
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resistance was prepared from Hycar MrBH, a m-rcaptan-terminated poly-
butadiene:a-rylontrile conolywar. and PR-1560-M (Part A)- The fnrMA_,

however, possessed one adverse feaLure. Adhesion to Alodined aluminum
panels was only merjfnal. This defect could be partially Alleviated by
incorporation of various oilane adhesion promotors. Unfo-tusitely, the

i•proved film to metal adhesion was accoanied by decreased .efA
resistance.

A study was &ade of isocyanate cured fluoroelastomers. A superior
surface coating, with regard to overall chemical resistance, was developed
from PR-1710 (Part 5) and PR-1560-4. (Part A). However, this coating
possessed sevoral drawbachs. Carbon black was necessary in the formula
in order to attain the high level of chemical resistance. Film adhesion
to MIL-C-5541 Alodined aluminum surfaces *as only moderate. Extensive
e0fforts were made to find a s,•bstituts for carbon black and also improve

film adhesion. Studies were conducted )n flunroelastomr formulations

containing anhydrous talc. MgO and trioetylphosphine. In no case was any
improved chemical resistance or adhesion found. In geiicral, the coatings
wert severely degraded Lu both 9% acetic acid and 0.9% iron chloride test
madia. Excessive blistering was found on Alodinud aluminum panels which
had been exposed to distilled water and selt water/JRl. While PR-1560-M
(Part A) was by far the best isocyanate curing agent for the fluoro-
e lastomers, carbon black is a.necessity if good overall chemical resist-
ance is to be obtained.

Experience with urethane surface coatings suggested that these
materials might offer a good chance of success. A major port{.on of the
program was devoted to the development of new and/or isocyanate modified
surface coating&. A variety of polyfunctional isocyanates and isocyanate
terminated prepolymers were cured with the following organics:

A. Aromatic and aliphatic epoxides

B. Polymercaptans

C. Aromatic and aliphatic polyols

D. Mixed epoxide-mercaptans

E. Modified polyurathanes

In general, the acid and distilled water resistance of isocyanate
based films containing either polyols, epoxides or mercapt3ns was very poor.

Formulas containing mixed epox'de-nrcaptans or straight polymercaptans
exhibited'the least Alodine adhesion. Also, there was the ever-present
problem of maintaining one-part storage stabili'y witi such highly functional
components. Good overall chemical resistance accompanied by moderate one-
part -tability and adhesion waa found in the isocyanate or modified iso-
cyanate systems. Three such materials which displayed the most promise
were PR-1058, PR-1560-H (Part A) and PR-1057. Considerable time was
expended in orde,ý to improve film adhesion and gain onE-part storage
stability.
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AA v _ _allnt rnnt in g wa a d ev elo ped from PR- 156041 (Part A) a&rd

PR-105 7 . The candidate. formula 2414-501.4, is composed of PR-1057/

PR-1560-h (Part A)/ce.losolve acetat,ý in a 5.5:2.0:2.5 weight ratio.

It wpa formally tested under the conditions of MIL-C-27725A, and passed

ell .qur•4.e" nts ^f the•n u•cification pertinent to a one-vackeae ytSLCM.

A brief study of aluminum surface application indicated that 2414-501.4

can be applied easily via fill and drain (clip-coating), spray or brush on

clean di.y metal.
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SECTION I

INTRODUCTION

The purpose of this study contract was to investigate and optimize a
one-part fill and drain type surface coating. The coating material will be
employed to protect military aircraft integral fuel tanks against corrosive
environments. The candidate coating must meet the speciftcation require-
ments as set forth in MIL-C-27725A (USAF). In addition, a brief investi-
gation was made to derive improved methods for applying the candidate
coating to integral fuel tankc.

A. General Background Information

The process of corrosion is an extremely complex form of material
deterioration. While a wealth of information has been gathered over the
years on the phenomenon, the process itself may assume manifold subtle
forms for which no corrective action is readily available. The price of
corrosion in terms of reduced equipment service life, as well as the funds
spent to prevent and control it, runs into billions of dollars each year.
These costs, which include labor, materials, and repairs, continue to rise.
Thi!s is due to the introduction of new materials, new application methods,
and hence the accompanying new corrosion problems which arise faster than
solutions can be found.

In the case of metals, a corrosive environment may consist of salt
water, chemicals, industrial gases, food, earth, or even micro-organisms.
Thus, any media containing oxygen or moisture can be potentially corrosive
to metals.

For purposes of this study, protection of aluminum surfaces is of
prime interest. Aluminum is the most important single metal emp'ýoyed in
the aircraft industry today. The major advantages of aluminum over other
m,.talo arte _t_ hiorh atrenoth-to.-•wPlht rAtin and WMnd genoral corrosion
resistance. In order to attain certain specific high strength properties,
basic aluminum must be alloyed with other metals such as zinc and copper.
The overall effect of the alloying process is generally to decrease
corrosion resistance.

The high reactivity of aluminum and its alloys towards oxygen affords
a large degree of inherent proteoction against corrosion. Upon exposure to
air, a thin, relatively impenetrable and tenacious oxide film is formed on
any fresh aluminum surface. This protective film prevents further attack
of potentially harmful oxidizing agents which may accelerate corrosion.
This same tendency of aluminum to form such oxides is the basis for the
"artificially applied Alodined and anodized protective finishes.

For many years, the manufacturers and users of aluminum alloys have
attempted to prevent and control its destruction by corrosive elements.
The various approaches have included use of pure ali~minum surface skins
to protect the more susceptible alloys, chemical surface passivation as
well as chemical surface coating application. As the demand and uses for
alUTinum alloys grow, the requirements for protective coatings have become



for wicre gpeci-A and varied since the initial development of zi.nc
chromate alkyds and dispersion resinas.

The introduction -,A integral fuel tanks. acc-mpanied by the wide
range of milit-ry aircraft operating conditions, also inaugurated the use
of wing tank coatings. The first wing tank coatiags were b!ased upon sE01-
vent solutions of such fuel resistant materials as Buns N modified with
various phenolics for better aluminum adhesion. These coatings were not
primarily developed in order to protect the. metal surface from corrosive
elements, but rather for tank sealant protection during the period when
the early sealants %iere fuel sensitive. Over the years, as both the
nature of aircraft fuels and airframe construction alloys varied, flight
service records indicated r need for improved surface coatings possessing
a higher degree of protection against corrsion.

During this perir, it was fully realized that the performance rr•-
quiremersts of integr'il fuel tank coatings would become more restrictive
as aerospace and military aircraft technology progressed. As a result,
new s'cface coatings would De needed to meet the expected future demand.
In order to accourlish this, the environmental parameters relev nt tri the
corrosion of fuel tank alloys must be determined and evaluated. Also,
studies are needed of -Aisting tank coatings with regard to th(-ir ability
to cope with current and expected environmental corrosion conditions. The
completio utif such analyses would afford a firm starting point for the
investigation and optimization of new surface coating materials.

B. The General Corrosion Process

.At this point, some discussion is necessary with regard to the cor-
rosion process as encountered in both actual service and qualification
exposures. In order to provide adequate protection against corrosion for
aluminum, the parameters pertinent to tht )verall process must be under-
stood.

The position of aluminum in the electromotive series of metals
designates it as an extremety reactivi element. Aluminum. with a normal
electrode potential of 1.7 volts, approa'hes the highly reactive alkali
metals in the tendency to displace hydrogen from water. The readily
formed oxide film or various chemical passi-ation treatments generally
provide a coating which permits practical use of the metal. Aluminum
also exhibits a hydrogen overvoltage w-ich tends to increase corrosion
resistance. This overvoltage simply reduces tne effective system potential
difference between the anode and cathode. Since galvanic corrosion is
dependent upon a flow of current, 'the presence of a hydrogen overvoltage
which reduces the system potential uill also impede the rate and degree of
corrosion. Thus, any prevailing conditions which remove the oxide film
or reduce the overvoltage will result in a higher rate of cocrosion.

The reaction between aluminum and water, which is sluggish at ambient
temperature, is shown below:

Al + 3H20---WA I(OH) 3 + 3/2 H2

2j
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The presence of gelatinous hydroxide, oxide film or hydrogen all con-
tributh to the system's stability. Due to the fact that metals are such
good conductors, the total resistance of the galvanic circuit is usually a
function of the solution or electrolyte resistanbe. Consequently, no
appreciable galvanic corrosion will be, generated in distilled water due to
its poor conductance. Addition of tap water or sult water will supply
sufficient ionizable salts to make the water conductive. This results in
an increase in the corrosion rate as a function of temperature. The alge-

braic sum of the two relevant half-cell reactions is given below:

Al + 3N&C1 * 3H20 P AlCl 3 + 3NaOH * 3/2 M2

If oxygen is present in the saline solution, the hydrogen overvoltage
will be further reduced, thus causing the aluminum to dissolve more readily.

Al + 3NaCl + 3/2 H20 + 3/4 02 --- 0 AiC1 3 + 3NaOH

The water consumption is reduced by one-half, but the same amount of
AlCI3 is produced in the absence of hydrogen. In thi~s instance, the presence

of oxygen accele-%.',es corrosion of the aluminum.

Acetic acid, especially in the presence of metallic salts, will attack

aluminum and its alloys. This attack is very severe at elevated tempera-
tures, and posribly is caused by removal of the protective hydrogen mono-
layer.

Another very important source of aluminum corrosion is due to the
presence of metallic ions which are below aluminum in the electromotive
series. A very good example of this is iron. The aqueous iron chloride
exposure test of MIL-C-27725A was chosen for this very reason.

Fe4+÷ + Al - Fe + A *+*

Corrosion of this nature may even occur with thin films of condensed

iui.sture n the prcenicz of ei4ther d4saolv4m inorganic salts or ionizable
HIses vhich allow for completion of the galvanic circuit. In this case 6

however, the corrosion is usually local-zed near the point. uf contact,
ra-ther than distributed over the entire anodic surface. This suggests tnat
inorganic pigments such as zinc chromate are less desirable than the alka-
line earth chromates with regard to the cathodic aeries position of the
cation relative to that of aluminum. Clearly, aluminum and its alloys are
very sensitive to pH4. ionic character, and temperature. as well as electro-
lyte and oxygen concentration.

The test conditions of MIL-C-27725A were so selected that the Laost
probable conditions for aluminum corrosion and protective coating inter-
action are jointly present. The corrosive environmental media are aqueous
sodium chloride, aqueous iron chloride and aqueous acetic acid-sodium
chloride.

IT
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C. U~~tve Sw-face Coatinas

7hI approech takmn was to apply a thin film coating to the aluminum
surfa•e. The•'coating would utiline a combination of insulative and in-
hibitive mechanism to provide the desired protection against corrosion.
TUe will be in•ractions between the surrounding media, the coating, and
the underlying metal surface. Some relevant parameters to be considered
in such a situation are listed below:

1I. Character of the Film's Protective Mechanism.

Thee fundamntal approaches are available to protect metals
from their environment by overcoating.

a. Insulative
b. Inhibitive
c. Cathodic

2. Film Permeability

a. Water Vapor

There are no organic membranes, continuous or otherwise, in
the range of one mil thickness which will stop the pene-
tration of water vapor. Organic films such as polyethylene
yield low penetration rates. These are generally in the
range of 0.1 gram per square foot per mil per day for films
wnder immersion conditions. At best, even a rate of 0.1
gram per day is enough to corrode nearly an equal weight of
aluminum.

b. Oxygen

Organic membranes are found to exhibit widely varying, oxygen
permeability rates. In general, these films are not signifi-
cantly impermeable to ox-gen at one mil thicknesses tp be of •

any value.

c. Acetic Acid

Hydrocarbon class polymers have good fundamental acetic acid
resistance. In nearly all other cases, resistance to acetic
acid. penetration can be attained only by extensive cross-
linking. Unfortunately, such materials exhibit high sensi-
tivity to fuel and consequently must be modified chemically.
This is usually accomplished through additional cross-linking
or incorporation of polar groups such ý trifluoromethyl.

d. Salts

Ionic penetration of salts through a continuous, inert organic
membrane, which has not undergone any physical or chemical
cuange, is almost negligible. Tt~e effect of time however,

, . 4
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may induce substantial increases in both film penetration and
conductivity. The gradual absorption of water produces mant-
fold alterations in organic films. For example, ions my be -
included in the water migrating through the film barrier. Or,
polar sites along the film's backbons become charged media for
destructive reactions. In this case, the film is acting some-
what like an ion exchange resin. Still other polyasric types
may undergo actual hydrolytic decomposition, furnishing re-
active ionic fragments. The incorporation of inorganic pig-
ments within the film produces still further complications.
In general, prolonged exposure to water causes the pigment-
resin interface to become discharged. This results in develop-
ment of numerous capillary paths, along which salt. solutions
may enter the film and aven attack the metal surface. The
pigment itself may contain some ionic impurities or possess
water solubility which slowly develops ionic environments near
or against the metal surface. The selection of inert, water
insoluble pigments is of great help here.

e. Microbial Resistance

Aqueous acetic acid has been selected as a criteria for
evaluating polymer resistance to bacteriological attack.
Whil" this is not the sole mechanism by which organisms d'i-
rupttorganic films, the 1400 F., 5--day acetic acid exposure
probably simulates quite adeauately the effect of lower oxygen
and hydrogen levels.

3. Protective Film Undercutting

The situation of film undercutting arising from uncoated edges,
surface imperfections and scores is one of the most serious sources
of aluminum surface coating failure. Current experimental evidence
suggests that electro-osmosis is the primary mechanism by which
such ionic migration occurs. When a metal surface _,oated with a
nonconductive film i: broken or cracked, the two-sided membrarn3
acts essentially to establish an ionic concentration cell. The
initial metal corrosion occurs at the point of film discontinuity
where electrons are released to the metal inducing a second half-
cell reaction. The oxygen present in the aqueous phase is reduced
to hydrc-:yl ions. The established potential difference causes
positively charged water, which may include other cations, to
amigrate under the crganic film. This produces lifting and fuvLther
film rupturc outward from the initial break.

In the special case cf aluminum, entrapuent of hydroxyl ions
(caustic) between the film and metal surface usually results in
serious local pitting.

Four basic approaches have been adopted to minimize t0i degree of
electro-osmotic attack:

5.
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a. Parus Film

eý ftIum uW ve so teL.mall permeable, for exasple, paint-
Ilk. eeatiags. that It Is not possible to establish intense

T-1 Vi; - ntisi HLe~ls or localleed paths under the film. This
will ptmit mwralised corrosion, but not film umdercutt.ing.

b. Inhibitiv films

Th. Incorporation of pigwuntv which change the charge on theorgancl film is of som value. For example, red '3ad %has
been r"eputed to •acomplish this in stool protection. T*%
effect of this is to lmer the corrýsion potential.

a. Ligh Film Adhesion

If a membrane can be fabricated which is htighly resistant
to discharje by water vapot, as well as the corroaion by-
products of acid and alkali attaci', the electro-osmotic
pressure will be incapable of causing film undercutting.

d. Cationic Membranes

Water normally carries a positive charge, while most )rganic
films are negatively charged. In this case, migration
of water through the film is quite rapid. If the membrane
can be made cationic, it will assuage a positive charge upon
water imiersion and halt migration.

4. Film Configuratin

For purposes of this program, one can argue that fuel tank surfaces
are only exposed on one side, and therefore any investigation of
fulg,/ °cated panels is redundant. The ribs and stiffeners within
the tank are really multifaced panels. Consequently, it seems
relevant to examine dip-coated panels where any discontinuities
in. eit44her. the ea l at-z-1,fnac or srnuw~i-niw v rdium cn be. hA barved

and correlated with the degree of corrosion.

5. The Effect of Film Thickeners on Cure and Physical Properties

This paramater is -ry important in the case of mne-part fill and
drain surface coatinga. Film thickness will be a function of the
polymer wettinr characteristics, total percent iqlida and solvent
system. Coatings daposited at varying thicknesses would be ex-
pected to exhibit different cure rates and degrees of cov'rorion
resistance. In the case. of a moisture curing one-part system, the
solvent difluses out as the polymer network crosslinks. In thick
thermosetting coatings, the entrapped solvent often diffuses to
the coating-uatal interface where ii way disrupt the fil.m's ad-
hesion, or even prevent approach of the bonding sites so that
poor adhesion results.

1 6�"

-i. . . ... " .. , now
* I _



SBCTIOM 11

PRELIMlINFOY SCUIMNIM AJID DE'Il&ENT

A. Polysulfides

Polysulfide polymerL are widely employed for various coating and
oeal.ant a*pplications. Some of the attractive properties of these materials
are listed toal1m

1. Good water, oil, and gas li'ie resistance

2. Low gas permeab i lity

3. Good resistance tj sunlight, ozone, and general oxidation

4. Good flexibility at low temperatures

Some of the undesirable properties of the polysulfides are:

1. Fair tear and compression set resistance

2. Poor abrasion resistance

3. Fair flex life

4. Fair resistance to acids and alkalis

L 5. Relatively low heat resistance

The degree of success achieved in any of the above physical or chemical
properties is contingent upon the curing mechanism used. In sealants, for
example, only dichromnte and manganese oxidation systems have exhibited the
hitgh temperature and fuei resistance required by MIL-S-8802C.

In the coating field, many aircraft protective finishes are based upon
various epoxide-polysulfide combinations. The epoxide-polysulfide copolymers
have far superior impact resistance, better flexibility, lVWer Water vapor
transmission and improved wetting properties, as well as lower cute tempera-
tures and shrinkage.

Consequently, polysulfide polymers appeared a logical poir.r of depar-
ture for this investigatic Thiokol LP.32 was chosen as a good represen-
tative of the general series. While LP-32 is a low molecular weight,
mereaptan terminated, disulfide containing, bis (ethyleneoxy)methane, it
possesses polymeric properties producivg a tough, yet flexible surface
coating.

7



a. I6acyanat cures

M ciUsKC U cc OC H Da+ 0C H -SIR OC BWz SO. 4RN 0
'2* 2' 2 24 2324 222

b. Spoxide cures

2-C -Cii * Hs-4. C 2H4 oCH20C 2 H4SS 423 C2 R4 OCH 2OC 2 H4SH -40

\0

-C, -- CR5 4 C Ci S-- H OCR 0C R SCH-C -

OH OR

c. Epoacide-Imocyanate cures

ROICO) +H s4 C H 2C CH S-CH OCR OC H SR + CH-2 2H4 2H 24S ,2324 2 2 4

H
I

OC~fNRCOS -+E C R OCR OC H SS -*, C H OCR OC H SCH-C-O-%-I

2 4 2 2 4 23 24 2 2 4

d. Oxidation cures

(1) Sodiaum dichromate

(2) Manganese dioxide

2 2(SH) 2 -L~H 2 0 + SR-SS-RS+

I.e



2. Screening Test Results

Ambient temperature cures of LP-32 were attempted with aromatic and
aliphatic isocyanates, epoxies, and various combinations of both. Oxi-
dation cures also were studied with sodium dichronate and manganese dioride
systems.

In general, the acid, distilled water, and salt water/JRF resistance
of the films was rather poor. The isocyanate cured coatings were quite
soft, with pencil hardnesses in thj range of 6B to F. By utilizing a more
active catalyst a higher state of cure was attained, with increased hard-
ness, but at the expense of one-package stability. These materials gelled
within 24-60 hours at ambient temperatures. The film hardness also could
be raised either by introducing an eporide into the formulation, or by
increasing the already present epoxy level. Unfortunately, this increased
film ardness was accompanied by a drastic reduction in resist.,nce to
acetic acid, and in some instances, to iron chloride. The degzae of cor-
rosion exhibited on test panels was directly proportional to the epoxide
content. Conversely, as the isocyanate level was raised, corrosion res-
sistance was improved.

This detrimental effect of using epoxies in combination with iso-
cyanate cured polysulfide systems was confirmed only when epoxy cured
polysulfide materials were iti;estigated.

In all cases these coatings were inferior to the isocyanate cured ones.
Sylkem 90 and PAE were found to be the worst epoxy components whether used
individually or in combination with various isocyanates.

PR-1560-M (Part A), and Mondur MR were found to be the most effective
isocyanates, with the former yielding the better corrosion resistant coat-
ings. Polysulfide formulations 2414-100.1 through 2414-109 failed to pass
either the distilled water or the salt water/JRF exposure tests. In all
cases, failure was due to loss of adhesion rather than lack of resistance
to these test fluids. All of the above formulations containing epoxies

The probability of developing a successful one-part oxidation curing
polysulfide surface coating is quite small. Nevertheless, it is inter-
esting to determine what level of corrosion resistance such a material
would have. Two MIL-S-8802C sodium dichromate and manganese dioxide
curing sealants were chosen as model materials. Tbe sealing compounds were
reduced in solids content approximately three-fold by solvent dilution.
Both formulations, 2414-419 and 419.1, coated extremely well and had very
satisfactory ambient temperature cure rates. It must be realized that
these materials are not designed for thin film surface coating applications,
and consequently, their performance as coatings in no way represents their
properties as true sealants. The resulting coatings performed poorly
during the iron chloride and acetic a--id screening tests. Film decompo-
sition occurred within 24 hours at 1400 F. The exposed test parels are
shown in Figure 1 of Appendix II.

9
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The results of this phase of the progrea have shown that polysuif des
, A do not afford surface coatings with acceptable acid or distilled water
>1 resistance. None of the cure systems given in the previous sectior was

able to provide a suitable material. Tim polytulfl z' le
were found to have the least acid and water resistance, A slight improve-
.mnt in overall che-'cal recistance could be attained by adding an iso-
cyanate to the vart, -s plysulfide formulationi listed in Appendix T.

a. Pluoroelastomars

The excellent resistance of fluorinated hydrocarbon polymers to oils,
fuels, acids and solvents ts well known. Solvent dispersions of such
fluorinated materials as Ke. -V or Viton %re interesting ai non-curing,
one-package surface coatings. The major drawb.ac % such systems, for
purposes of this study, are the absence of an ambient temperature cure
as well as low level adhesion to aluminum surfaces.

The Viton series of fluoroelastomrs was chosen as model compounds
for study because of the wide range of molecular weights available. The
Viton fluoroelastoiers can be cured with three general types of agents;
polyfunctional amines, peroxides and high energy radiation. Selection
of amine curing agents was made because of handling and processing ease.

While a hindered diamtne, hexamethylenedjamine carbamate, is recom-
mended for Viton cures, twa major problems remain. Elevated temperatures
are required for complete cure and adh-in to metal surfaces still remains
marginal. Foe purposes of this investigation, a resistant but flexible
surface coating is required possessing good adhesion to aluminum surfaces.
Thus, a complete cure of the fluoroelastomer to a rigid film is not
necessary.

Prior work has disclosed that isocyanates in general yield good cor-
rosion resistant surface coatings. -

Hexamethylene diisocyanate is the precursor of the hindered carbamate
normally employed as tt,4 curing agent for Viton polymers. Coasequently,
use of this isocyanate appeared to be a logical atarting point in the

ulTL 'Lli l4d 1' stt

Curing agents were selected on the basis of potential corrosion re-
sistance as well as the ability to afford a polyfunctional ,mine.

The curing agents studied were:

1. Mondur NX, hexanthylene diisocyanate

2. PR-1058, a one-part polyurethane coating

3. PR-1560-M (Part A), an isocyanate adduct

J 4. Desmodur N, an aliphatic polyisocyanate

5. NACCaNATE R12, 4,4'-aethylene bis(cycloheirylioocyanate)

S! 10
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6. DDI, an aliphatic 36 carbon dilsocy.inate

7. Versamid 415, an aliphatic polyamide

8. A-1100, gamuna-aminopropyltriethoxysilane

The eight curing agentm were evaluated against the following fluoro-
elastomer bases:

1. PR-1710 (Part B)

2. Carbon black and MgO pigmented Viton

3. ?gO pigmented Viton

4. Talc and MgO pigmented Viton

5. Talc pigmented Viton

6. Unpigmented Viton

The extremely good resfstance to the four screening test media observed
with initial isocyanate cured fluoroelastomer formulations 2414-4C6 and 407
prompted an extensive developmental study of these Laterials. The prime
goal was improved cure and film adhesion to MIL-C-5541 Alodined aluminum
surfaces. A wide varilty of aromatic and aliphatic isocyanates as well as
aliphatic amines was formulated with PR-1710 (Part B) and Vitonk A, B and
LM.

The philosophy behind employment of isocyanate curing agens was as
follows: Under the conditions imposed by MIL-C-27725A, the surface coating
muqt cure within 14 days at ambient temperature. This type of environment
is ideal for an atmospheric moisture induced polyurethane cure mechanism.
For example, as the isocyanate r-eacts with water. an amine is generated
which is available to cure the Viton fluoroelastomer. An illustrati,•i is

-, ~given below.

- RNCO + H20 (atmospheric) -- 4b-2 + -RN92

-- RNl + -RNCO -em -RNHCONHR-

-- RNH2'

and/or + 4 CH2 CF 2CH 2CF 2 C'H2C 2F4 CF -• u-=1W(crosslinked polymer)

I
-- RNHCtWHR- CF5

/. 11



Initial efforts centered on isocyanate cured fluoroelastomer coatings
containing both carbon black and NgO. These formulations yielded films
with superior fuel and acid resistance. PR-1560-N (Part A) was by far the
buit isocyanate curing agent. HMondur HK and Desmodur N exhibited good

iron chloride and distilled water resistance. although i..L"'_.c'itl o-al Iw
*kA* =f .a-'-. trart A). Formulations contaLna P3-1058, a high molecu-,i tar weight one-part polyurethane coarting, and DDI, a 36 carbon aliphatic

dilsoocyante were such less successful. A degree of incompatibility was
noted between PO-1058 and the fluoroelastower solution which -•.y h-"-.- beer
a-e-- to tah-- high molecular weight of the urethane polymer. The 5% acetic

acid resistance of DWI cured films was extremely low. Some examples of
iron chloride and acetic acid exposed test ponels are presented in
Figures 2 through 13 of Appendix II.

In Figure 2, 5% acetic acid exposed MIL-C-5541 Alodined alumiinum test
panels for formulas 2414-406 and 407 are shown. These two coatings, (see
Table I of Appe,,dLx I , consist of PR-1710 (Part B) and PR-1560-M (Part A).
The panels are completely free of blistering, underfilm corrosion and pin-
point penetration. The two formulations afforded equivalent results in
0.5% iron chloride. The distilled water and salt water/JRF test panels
were devoid of any attack, although film to metal adhesion was only moderate
at bust.

Examples of the Hondur NIX and Desmodur N induced cures, after acetic
acid and iron chloride exposure, are shown in Figures 3 and 4 of Appendix
11. These formulations, 2414-414 and 415.1 of Appendix 1, did not display

the high degree of acid resistance found in those fluoroelastomer coatings
salt0 wae/R resistance wasi ~~containing PR-16-M (Part A). Whi~e the salt water/iR ressac a

good, film adhesion was very poor in distilled water.

Equivalent r-esults were observed with formulations 2414-418.31, 418.32
and 241A-07.6 thr)ugh 417.4, which contained Viton A, carbon black and
MgO. (See Figure 5 of Appendix II.)

If a PR-1710 (Part B)/fluoroelastomer coating is formulated with either
Versamid 415 or A-1100, gamma-aminopropyltriethoxysilane, a much better film
is attained. The coatings have a higher degree of cure and initial adhesion
to Alodined aluminum is materially improved. Unfortunately, the resulting
Sscreening tests were much less successful. There was a complete loss of film
adhesion, excessive blistering and ,,-erfi- corro-LT'o. aR well as partL"l
"film decorupusitioin AJ both acetic acid and iron chliride. This is quite
vividly documented in Figures 6 and 7, where 21 s-4u8, PR-1710 (Part B)/
Versamid 415, is compared with formulas 2414-406 and 407 iron chloride and
acetic acid test panels. Formula 2414-416, PR-1710 (Part B)/A-1100, acetic
acid and iron chloride test panels are shown in Figure 8. These same
formulations exhibited very poor adhesion in both distilled water and salt
water/JRF. Very similar test results were fourd with NACCONATE H12.
(See Figure 9 of Appendix II.)

A second approach was undertaken to improve adhesion as well as chemical
resistance. In general, as the degree of cure or cross-linking increases,
so does acid and fuel resistance. Thus, to promote a further cure, anhydrous

12
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MgO was incorporated itto fluoroelaatamer formulations as the hydrofluoric
acid acceptor. Anhydrous talc was employed to improve film adhesion. As
a control, the study also included unpigmanled Viton coatings. The acetic
acid and iron chloride teat exposures are shown in Figures 10 through 13
of Appendix II.

Viton A, B and LM resins were formulated with MgO and talc as well as
the two separately. Results from the screening test data indicated that
the unpigmented Vitons as well as those containing talc yield inferior,
corrosion prone coatings. Figure 10 shows 5% acetic acid exposed test
panels for fluoroelastomer coatings 2414-417.4, Viton IM/PR-1560-N (Part A),
and 2414-418, Viton A/PR-I560-M (Part A). Although 2414-417.4 may appear
superior to 2414-418, both test panels exhibited extensive underfilm cor-
rosion in iron chloride as well as acetic acid. This slight difference in
acid resistance is attributed to a lower isocyanate level in the latter for-
mulation. The failure of formula 2414-418 to pass either the distilled
water or salt water/JRF screening tests is again attributed to a lower iso-
cyanate content.

If fluoroelastomer-isocyanate formulations contain either MgO or talc-
MgO combinations, the resulting coatings are extremely corrosion prone when
exposed to iron chloride or acetic acid. Several excellent examples of two
such formulations are represented by Figu, e 11. Panel A, 2414-418.13, con-

sisting of Viton LM/PR-1560-M (Part A)/MgO, exhibits complete pinpoint pene-
tration and underfilm corrosion. Panel B, 2414-418.26, containing Viton A/
PR-1560-M (Part A)/AgO, shows extensive film decomposition in addition to
excessive underfilm corrosion. Since both of these formulations contain
nearly the same Viton/isocyanate weight ratio and the same percent total
solids, Viton LM appears to have slightly better acid resistance than
Viton A. This has not been observed in fact. In general, the molecular
weight of the Viton series does not appear to be a significant fuel and/or
acid resist .nce parameter in the formulations studied.

It now seems that carbon black is necessavy in the isocyanate cured
fluoroelastomer coatings if any reasonable degi 'e of iron chloride or acetic
acid resistance is to be realized. It is interesting to note that in the
absence of carbon black, both the MgO, HgO-talc ,r even unpigmented Viton

tal.c containing coatings would be expected to be liable to acid attack.
While the true contributilon of carbon black in not known, it may play a
combination of roles in the film's protective moct~nism. For example, the

carbon black may either adsorb the evolved C02 ^s the isocyanate progresses
through the cure cycle, or via capillary paths around carbon particles C02

would escape from the film. Either instance would provide a surface coating
essentially free of mechanical strain and small pinpoint voids.

Carbon black may also act as an adsorbent screen for acid and/or fuel
molecules as they enter the uppe coating monolayers, thus preventing attack
upon the aluminum surface.

While carbon black is essential for protection against corrosion, its
black opaqueness may present certain application and maintenance problems.



Cosequently. a trialkylphosphine was selected as a possible substitute
* for carbon. This type of organic was elected for several reasons. The

trLalkylphosphines are able to form stable malts with both inorganic and

organic acwi.u h1ulch in the r4". of our test wadia are:

R3P + HA - R3P %
(Where "V = Id'o .... _

This type of complex La highly desirable in the case of isocyanate
cured fluoroelastomr coatings. A portion of the cure of Viton requires
abstraction of HP" from the fluorocarbon resin. Trioctylphosphine is a
very weak organic base with a pKa of about 10.9. It is nevertheless, highly
nucleophilic. Consequently. it may well tend to complex with HF, HCI and 1iAc.
In this way the phosphine would replace MgO as the HF acceptor.

The trioetylphosphine might also act as an adhesion promoter. Urethane
coatiegs which are heat cured. in excess of 80-1000 C. generally exhibit
improved adhesion. Also, as the cure temperature is raised, biuret tar-
mation is favored, suggesting that an increased biuret level may lead to
better adhesion. Trialkylphosphines are also known tr ididuce dimerization
and trimerization of isocyanates as shown below.

0

C/\
R3 P R-N N-R

3RICO-gP I I
00C C=O

\N

I
R

These isocyanate trimers react further wLth water or atmospheric moisture
to yield biurets and C02,

0
O

C

I'
,t-N N-R ., CONIR

I I + H2 0 (atmospheric) -P R-N +CO"0OUC C-0 CONHR 2

N

R
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Thus, the trioctyiphosphine may act as an acid acceptor while simul-
taneously promoting a polymer network containing a higher percentage of
biuret linkages.

Formulations 2414-422 through 422.7 comprise a series of Viton B/
PR-1560-M (Part A)/trioctylphosphLie coatings. The expected improved acetic
acid and iron chloride resistance was attained only at lower phomphine con-
centrations. There was underfilm corrosion and pinpoint penetration, but
not to the same extent as in formulations contaiaing tO, MgO-talc or un-
pigmented Viton. There was also a material improvement in adhesion with
the Iron chloride exposed test panels. Surprisingly. therA was a complete
reversal of fuel resistance in salt water/JRF and acetic aciL/JRM. Excessive
blistering was observed in the fuel phases, but corrosion was reduced in
both the acetic acid and salt water phases. The series was a complete
failure in distilled water. Very large blisters appeared in distilled water
after 10-13 days at 1400 F. Film adhesion to MIL-C-5541 Alodined aluminum
panels was almost nonexistent.

In conclusion, the two initial isocyanate cured fluoroelastomer surface
coatings studied, 2414-406 and 407, proved to be the most successful. Acetic
acid and iron chloride resistance was suparior. Distilled witer and salt
water/JRF resistance was very good. The one problem with these coatings is
the moderate adhesion to MIL-C-5541 Alodined aluminum surfaces. Althouvh
its role is not fully understood, carbon black is an essential component if
any degree of acid resistance is to be attained. Its black opacity may.
however, present application problems.

C. Polyurethanes

organic isogyanates b:kva w.... %enral application in the field of
surface coatings. Recent advances in i-yanate chemistry have afforded new
materials possessing highly desirable physic:.1 and chemical properties.
Isocyanate cured finishes usually combine hardneis with good flexibility,
impact strength and chip resistRr..'. 1L. .iddition to superior durability,
the majority of isocyanAte cured coatings also exhibit good acid and solvent

resistance. Some isocyanate films may swell upon prolonged exposure to
strong solvents such as dioxane or organic esters, but they are not dissolved
or degraded to any extent. While urethane coatings have good resistance to
3-cent tand dili~t- &Ci~dF, thW-y uMM, become brittle up011 prolongeOd eXPospure tv
concentrated acids.

The object of this phase of the program was to screen or develop one-
package isocyanate and/or modified isocyanate. corrosion resistant surface
coatings. There are five basic types of conventional urethane surface
coatings. The basic types can further be broken down into either one or
two-package systems. The categories are:

1. Urethane Oils (prereacted isocyanate modified drying oils)

The urethane modified drying oils are the reaction products of hydroxyl
containing drying oils with polyfunctional isocyanates. In general, these

materials are useful in areas where high chemical resistance is not of prime

15
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't.ability and variable curing rates. The cuting machaniam proceeds

the drying oil'& fattv acid portion of the molecule. Riamplee of the"•hro•an oxidative polymerization of the unsatouration contained •uithin

roactior, sequanao are~ given below.

A polyfumctional irocyanate MI reacts with a hydroryi containing
dryg oil (I) athe modified drying oil (III).

N12Co2f CH2 002 R CH2Co 2 R

R* (NCO) 2 ÷ 2CHCO2 R -o CHCO2 R eHCO2 R

CR201 CH2R C2

OCONR'NCO - 0I I
H H

Where (R-), the fatty acid por'tion of the molecule, corresponds to (IV).

CHCH2C11 RCH2 CHOCHCH2 CH7=CH (CH2 . 7 -

(IV)

Since all the isocyanate is consumed during formation of (III), the
mechanism of the oxidative cure proceeds according to a typical reaction
as followst

- 2'H-1- + 02 .- 4 -. CHCHI- (or) -.-CHCH=CH--

00"

MV (VI) (VII)

Thece radicals propagate furthe.r with themselves or (M) to yield
such high molecular weight strLctures as (VIII) or (IX).

-- CHCHOCH--
2 (VI) -- I (VIII)

-- (CHCRCH-.

.GCHCHCH.-.

I
2 (VII*, 0 (IX)

0

•CHCHiCH..-1
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2. Mlocked Isocyanates

The "blocked" .socyanate surface coatings, while rather unique, are

of litti& interest in this study. The reuCLiv Lsocyarate sites ef a

molecule are prereacted with a phenol. This imparts one-package stability

to the system. The blocked coating cures via regeneration of the free

isocyanote by application of heat and/or oxganotin catalyst. An example

of such a reversible reaction is given below.

R(NHC020)2 R(NCO)2 + 20H

5. Moisture Curing Isocyanates

A third type of o.e-package urethane coating is that which cures by expo-

sure to atmospheric moisture. A simple cure mechanism is represented belew.

-RNCO + H2 0 (atmosphecic) -

-- Lq1 2 + -RNCO -4 -RICONI iotR-

For purposes of a one-package system applicable to the program, this

type of surface coating is most appropriate. The uniqueness of this type

of cure system is such that a wide variety of isocyanate contatainig materials

can be employed. For example, any polyfunctwonal isocyanate, or Lsocyanate

terminated prepolymer derived from polyesters, polyols, castor oil or poly-

ethers may be utilized as a surface coating. Also, organics containing

active hydrogens which react with isocyanate as well as urethane lIttkagas

may be incorporated into the formulation to impart specific physical and/or

chemical properties to the coating.

4. Polyhydroxyl Cured Polyisocyanates

In general, a coating of this nature is n two-package system. By

proper selection of chemical equivalencies and monomer functionality, this

type appr- :hes the moisture cured system in stability. The basic reaction

is simpl, )rmation of a substituted polyurethane.

R'(NCO)2 + P(0H) 2 i (ROCONHR'NIICOO )n

5. Catalyst Cured Polyisocyanates

This type of two-part system is really a variation of No. 3. A catalyst,

usually a tertiary amine or carboxylic acid metal salt, is added to the Lso-

cyanate prior to surface application. The coating then can be cured by ex-

posure to heat and/or atmospheric moisture.

17
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Experable infoOWatinacs of corrosion reuintant coatings afforded
valubleinfomaton a tofruitful areas of investigation. For example,

molstwe oured Laocyanate based coatings display a higher level of acid
end fuel resistance than do those coatings derived from commercially
availablis isocyanato modified dryinrg oils. As a result, the major effort
vitdzi this ;qase of the program wee devoted to the dei-elopment of new
isocyanaso u~ ijocyanriate modified surface coat ings.

Sevvral approaches ware undertaken which would yield potential iso-
cyanate terminated, one-part surface coatings, Polyfunctional isocyanates
as well as isocyanate terminated prepolymers were cured with the. following
organics:

1. Aromatic and aliphatic epcocides

2. Aromatic and aliphatic polyols

3. Polymercaptans

4. Mixed epoxide-~mercaptans

5. M~odified polyurethanes

The curing of isocyanates with polyfunctioaal epoxides, alcohols or
j inercaptans may seem ruther inconsistent in view of the one-part stability

denstyeerhles since gelation is a function of polymer crosslink
denstycareful adjustment of overall functional group equivalence, as

L well as the ratio of trIfunctional and tetrafunctional monomers to iao-
cyanate, can impart a certain degree of one-part stability to the system.
Consequently, Wforts were made to keep the concentration of epoxi~!e,
polyol or mercaptan at a level low enough to insure some network cross-
linking, but not complete gelation.

Organic surface coatings containing isocyanates and various aliphatic
Y or aromatic epoxides are inferior to thome eoatings having only trace

amounts of epoxide. As the epoxcide level is raised, and hence the cross-
link~ density, the film becomes harder and less flexible. Unfortunately,
this is also accompanied by a drastic reduction in both acetic acid and
iron chloride resistance. On the av'erage, isocyanates cured with aliphatic
polyepoxides exhibit slightly higher acid and distilled water resistance
than do either aromatic or silicone containing epoxides. Formulations
containing .-socyanate mixtures of PR-1058 and PR-1560--M (Part A) gave the
best acid and water resioitance. Examples of these coatings can be found
in foranulations 2414-200 through 203.1, 2414-207 through 211.1 and 2414-213
through 213.5 of Appendix 1.

The drastic reduction in acid and water resistance with increased
crosslinkitng may appear somewhat paradoxical, for in general. acid resis-LA tance increases with a higher crasslink density. This pnor resistance is
probably a culmination of factors such as incomplete epoxide consumption
and the presence of pendant secondary &mine sites along the polymer chain.
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In the first case, if there is incomplete coisumption of the apprire by
isocyanate, the residual epoxide is liable to. acid as well as water attack.
The second case is simply the tendency of acetic scid and aqueous iron
chloride to attack the secondary amine groups along the polymer chain.
The reaction might proceed as follows during the cure cycle.

-- RNCO + H2 0 (atmospheric) W CO 2 + -RNH 2

-- 2+-' 2-- --CHCH2OH

0 -mRNH

(XI)

Reaction of the isocyanate with atmospheric moisture gives the primary
*.mine (X), which further reacts with the epoxide yielding the adduct (XI).
This adduct is capable of reaction with additional isocyanate at both the
amine and hydroxyl sites. In the absence of heat or a suitable catalyst,
reaction will occur predominantly at the primary hydroxyl resulting in a
free secondary amine which is prone to acid attack.

The addition of a tertiary amine catalyst, such as pyridine, which
would volatilize during the ambient temperature cure, would favor the
reaction between epoxide and 4.socyanate. While this is highly desirable,
such a catalyst would also promote urethane active hydrogen crosslinking,
thus destroying the probability of attaining any degree of one-package
•tability. Some examples of amine catalized isocyanate-epoxide coatings
are given by formula._ions 2414-221 thuough 222.4 and 2414-223 through
223.3 of Appendix I. While there was a slight increase in overall acid
resistance, the materia.s all gelled within 36--72 hours at ambient
temperatures.

l-n order to improve acid resistance, the residual secondary amine
functions should be removed from the polymer chain. This could be accom-
plished if only hydroxyl groups were available for reaction with the iso-
cyanate. Consequently, a series of both low and high molecular weight
polyols was studied. As with the epoxides, rttempts were made to maintain
the hydroxyl concentration low enough to avoid gelation.

Initial work employed two polvesterr.lyols, NIAX 520 and 560, which
were formulated with PR-1058 and PR-15CI'-M (Part A). The screening results
were quite discouraging. Formulations 2414-216 through 218.3 and 2414-226
through 229.1 of Appendix I showed no improvement in either acid or water
resistance. Inccrporation of a urethane catalyst would have helped resLs-
tance, but hindered one-part stabi:ity. Substitution of an aromatic polyol
was unsatisfactory also. Formulas 2414-401 and 401.2 failed in acetic acid,
iron chloride and distilled water. This is •iot too surprising, for p..'nols,
"which are more acidic than aliphatic alcohols. react sluggishly with iso-
cyanates at ambient temperatures.
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During the second quarter of the program, EPO(OL 55 was found to bea very promising corrosion resistant enatin com-ponnt.• ýwu eariy formu-

lations, 2414-224 and 225, exhibited very good resistance to the four
creeniLng test media. A coating composed of PR-1560-M (Part A), PR-1058

and U KPOWL 55 provided the best protection. There was very slight #10F
blistering in 3% acetic acid. Later Attd_-tf to L-prair upon the two
initial formulations met with little success. Formulations 2414-232.1
through 234.5 of Appendix I resulted in greatly lcwered resistance to iron
chloride and acetic acid. Nxclusive of some very slight acetic acid blis-
tering, the area of major concern was that of omn-package storage stability.
Tma jority of WPO(IL 55 containing formulations formed insoluble gels
within 24 to 96 hours at ambient temperatures.

In ordir - attain one-package stability, five isocyanate terminated
propolymer coatings, formulas 2414-520 through 520.4 of Appendix I, com-
posed oZ dPOHOL 55 and PR-1560-H (Part A) were prepared. A�, before,
insoluble gels were observed at extreme dilutions and "3/Od equivalent
ratios as high as 11:1. This is not too unexpected, ft the very high
molecular weight and functionality of RPONOL 55, 2000,000 and 25 respec-
tively, would tend to form such highly crosslinked reaction networks as
illustrated below.

CH3

I
2R (NW) + H -4-O0-C-WOCH CCRCH 4-)---40

2 2 1 2 .9
3 OH n=25

NCO -- M-40oW-C- OI 2CH c2 C.-

CH3 0
ICCINHRNHCO-

If the functionality of the hydroxyl component were reduced, the
probability of gaining long-term stability would be increased. Consequently,
EPONL 53, possessing the saw chemical structure as the 55 resin with only
40% the molecular weight, was evaluated with PR-1560-M (Part A). A series
of four isocyanate terminaeted prepolymers was synthesized at 70-85°0 C.

These resins afforded up to two weeks of ,ne-package stability.

Surface coating formulations 2414-520.5 through 520.8, which #ere
based upon these prepolymers, exhibited drastic reductions in iron chloride,
acetic acid and distilled water resistance. Coated Alodined MIL-C-5541
aluminum panels were severely blistered and showed extensive underfilm
corrosion and poor film-to-metal adhesion.

A true one-package system Lomposed of EPONOL 55 and PR-1560-M (Part A)
could be prepared if the hydroxyl functions of the EPONOL resin were first

20
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prereactead with a monoisocyanate. Aromatic isocyanatem hav itwo diuLincL
advantages over the aliphatics in this instance. Aromatic isocyanates are
far more reactive towards hydroxyl. Also, experimental evidence indicates
a higher level of acid resistance for aromatic isocyanates.

An endeavor was made to convert EPONOL 55 into the monocarbamate via
reaction with phenyl isocyanate. The synthesis was conducted at 60-800 C
for 3 hours. IR analysis indicated about 50-60% hydroxyl consumption.
The resulting resin was extremely viscous, possessing only slight solubility
In MEK, MIBK, cellosolve acetate, toluene or mixtures of these solvents.

The same reaction was repeated substituting IPONOL 53 for the 55 resin.
IR analysis of the reaction product indicated 70-80% conversion. The resin
was easily soluble in cellosolve acetate!/K/toluene in a 6:3:1 ratio.
The sequence is shown below:

CM3

20NCO0+ H .4 O0-C-VOCH CHCH2 # -0-

CH 3  O"

CH 3

0 NHCO2 '--C-0OCH2 CHCH 2 ".a

CH 3 00CP"O

Two coating formulations, 2414-520.9 and 520.10, were made with
PR-1560-M (Part A) and the prereacted EPONOL 53/,NCO resin. While there
was good indication of one-part stability, the level of acetic acid and
distilled water resistance was below that of coatings containing the 55
resin. Apparently, in order to achieve any aceeptable degrae of acid or
distilled water resistance, the higher functionality and molecular weight
of EPONIML 55 is required.

A wide variety of mixed cure systems were evaluated with PR-1560-M
(Part A). Some examples are: Mercaptan-epoxide, 2414-303,4; epoxy-
phenolic, 2414-401.1; polysulfide-phenolic, 2414-401.3; and polysulfide-
phenolic-epoxide, 2414-401.6. Generally, these mixed cures resulted in
lower acid and distilled water resistance than did each of the components
when cured separately with the isocyanate. The most probable explanation
is inadequate reaction between the various components. Consider formula
2414-401.6 of Appendix I. The isocyanate should preferentially react first
with the mercapto-terminated polysulfide rather than with the more acidic
phenolic or the uncatalyzed epoxide. There may also be some secondary
interaction between the epoxide and phenolic. Although the majority of
such reactions do not proceed wall at ambient -emperatures, a highly acidic
phenol can open an oxirane ring, leaving an essentially non-reactive
secondary hydroxyl available for the isocyanate.
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SMf orts were mr le to convert PR-1560-M into a one-part surface coating.
The approacb undertaken was to proreact l hyUrlmyl ftmct !_ality of the
resin with either trimethylchlorosilane or phenyl isocyanate. This would

allow later incorporation of polyfunctional isocyanates thus promoting one-

The reaction between trimethylehlorosilane and PR-1560-M (Part B) would
convert the polyol into a water reactive silicas ester. The eater would
be inert toward isocyanate in an anhydrous system, but upon exposure to
atmospheric moisture, revert by hydrolysis to the polyol and alkyl silicic
acid. The three step reaction sequence is presented below. The resulting

socyanate terminated polymer wc ild also cure by exposure to at~uospheric
moisture.

HD e4- CH2 RCHR'CHRCH 2 0-); H + 2(CH3 ) 3 SiCL -0

I I
OH OH

21C1 + (CH ) 3 Sio .- 4-C1 2 RCHR'CHRCH 20-.- Si(CH3 ) 3

OH OH

let R" a -4-CH 2 RCHR'CHRCH 2 -*"

OR OH

IV'Ft *C5)j 2H (~atmospheric) -. aR"(OH) + 2 (C113)3SiOH

SR"(OHI)2 + 2R"' =(?;CO) 2 --g CNR' ' NHlCO2R"O2CNHtR' ' NCO

Three attempts were made to convert PR-.I560-M (Part B) into the cuu-
responding si•licate ester. The reactiotis were conducted at 50-1130 C for

3-7 hours. After the reaction peried, vacuum was applied to remove excess

chlorosilane and the HC1 by-product. IR analysis of the resin indicated
only 40-50% conversion to the desired ester. The material would not be
suitable in a one-p~trt system, for the ad'ition of a difunctional
isocyanate caused gelation within 18 hours at ambient temnperature.

SEmphasis was shiftedl Lo tLAe phetiyl isocyanate/PR-1560-M (Part B)
reaction as a means of reducing the hydroxyl functionality of PR-156O•M.
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An amc~wnt of phenyl isocyanate was added to the base resin in 70% theoreti-
cal equivalence. The reaction was run for four hours at 80-1000 C. Only
partial conversion to the urettane was desired. The residual secondary
hydroxyl sites were left to insure soma degree of crosslinking. The overall
reaction is shown below.

20N00 + HO w-4-. CH 2 RCH-R' -CHRCH 2O -)n-H -4'

1 1
OH OH

0NHCOG -4(- CH2 RH-R'-RCH 0 -)-CMff

OH OH

Additions of PR-1560-M "Part A) resulted in a coating which exhibited
a 14 day. ambient temperature, constant viscosity. Application of the

material to MIL-C-5541 Alodined aluminum panels, either by dip-coating oc
spray, was extremely difficult. Tht- coatings were found to crawl very
badly. Small pinpoint voids appeared in the film during solvent volatili-
zation. Solvent dilution and addition nf silane wetting agents were tried ~I
to correct thc situation, but without success. In view of the good results
discussed later in the report, any further efforts to convert PR-1560-M'
into a one-part coating did not appear Justified.

D. Butadiene :acrylonitrile Copolymers

A series of functional and non-functional butadiene copolymers was in-
vestigated as potential surface coating components. They are listed below:

1. Hycar MrBN, a mercaptan-terminated polybutadiene:acrylonitrile
copolymer.

2. Hyear CIBNX, a carboxyl-termninated polybutad iene acry lon itr iie S

copolymer.

* 3. Ilycar 1022, a butadiene~acrylonitrile copolymer.

* The butadiene:acrylonitrile elastomers possess good fuel and solvent
resistance. However, the acid resistance as well as adhesion to MIL-C-5541
Alodined aluminum surfaces is only moderate. If reactive end-groups can
be incorporated into the basic polymer, functional cures can be accomplished
which may lead to improved acid resistance and adhesion. Hycar MI1BN (XII)
and Hycar OTBNX (XIII) are two such materials.

H CHCHGH CHS H .-- OCOCkI2CH=CHC R CHCOO -

CXII) (XIII)
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A

-- actfun of either (XII) ,r (XIIT) with isocyanates may afford moisture
curing surface cnatingslojt% improved acid resistance and adhesion anrill

H CN H

- XI)-i I 2° (•"" "2 _.XII) G-.f, G".Al. --IONCOCH 2 C',(MCHC2 H4CHCOARe -;NCO + C--2

S }i cN R

K(N•O) 2  . L'. -x P ON +4- NCOCH2 CH=CHC2 HICHCONR -. 'NCO + C'2

The initial investigation of MTBN surface coatings included isocyanates
and aliphatic and silicone containing organic epoxides as the curing agents.
Two cure mechantsam were employed. In instances of straight epoxide cures,
DMP 30 was the catalyst. Where diisocyanate cures were fnrmulated, the
reaction of atmospheric moisture with isocyanate was reqi .red to supply the
necessary amine catalyst. In those formulations containing both epoxide
and isocyanate. t'.- catalyst was either pyridine or DMP 30.

HIrN coatings cured with either Sylkem 90 or polyallylglycidyl ether,
2414-300.1 and 300.3, failed to pass acetic acid, iron chloride and thL
distilled water screening tests. Acid exposed aluminum test panels ex-
hibited extensive #1OM blisters. underfilm corrosion and pinpoint pene-
tration. Film adhesion in distilled water was very poor. If PR-1560-M
(Part A) was added to the MTBN-epoxide formulations, 2414-300.4 and 300.5.
acid resistance was materially improved. Unfortunately, distilled water
blistering and adhesion remained unchanged. By converting to an all iso-
cyanate curing system, 2414-300.? and 304, a much improved moisture curing
coating was obtained. While formula 2414-3G0.2 displayed improvbment over
300.4 and 300.5, 2414-304 yielded a far superior coating. Iron chloride
resistance was excellent. There was no evidence of blistering, pinpoint
penetration or underfilm corrosion. Exposure to 5% acetic acid yielded
some slight #10F blisters with a much higher level of adhosion. There was
slight #10F blistering in distilled water and adhesion remained low-level.
In order to raise distilled water film adhesion, a known adhesion promoter,
beta-mercaptoethyl trimethoxysilane (Y-4522), was incorporated in formulas
2414-306 and 306.1. While there was a slight increase in distilled water

adhesio:a, blistering in acetic acid rose.

Although sulfur has less electronegativity than oxygen, thiols are
considerably stronger acids than the corresponding aliphatic alcohols.

Consequently, like the phenols, thiols should require a tertiary amine
catalyst for reaction with isocyanates. For this reason, DMP 30 was
included in formulas 2414-306 and 306.1. The overall effect in either
direction was not significant.
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A second approach was undertaken. with goals of imprnwd Ahee ".. a
well as one-part stability. An isocyanate terminated MrBN prepolymer was
prepared. This prepolymer was cured with PR-1560-M (Part A) which had
been prereacted with beta-mercaptoethyl trimethoxysilane on• a mole for
mole basis. It was felt that hetter adhesion and acetic acid rinfatA.n a
would result if the marcaptosilane adhesion promoter were first reacted
with the isocyanate curing agent. The resulting thiourethane (XIV) would
be less prone to acetic acid attack while containing a built in adhesion
promoter.

(CH 30) 3SiC2 H4 SH + R"(NCO) 2 .-- OCNR"NHcOSC 2 H4 Si(OCH13 ) 3

(XIV)

The silicone containing thiourethane (XIV) would, in turn, react
with the isocyanate-terminated MTBN prepolymer (XV) affording the allo-
phanate (XVI). The idealized reaction sequence is presented below.

OCNR 4 NHCOSR'SCOXHR + NCO + OCNR"NHCOSC 2H 4Si(OCH3 ) 3  W

(XV) (XIV)

where R'= 4 CH2 CH=CHC H CH 4-
2 2 4 in

CN

OC .4- NC0SR'SCON`HR -4NCO
n

I
Co
|
NHR"NiICOSC 2H4 S i (OCH )3

The final cure would then proceed via the previously discussed atmos-
pheric moisture induced isocyanate-amine mechanism.

The 0.5% iron chloride and 5% acetic acid exposed test panels of
formulations 2414-420 through 420.5 are presented in Figures 14 and 15 of
Appendix II.

The screening test results from these coatings were rather disappoint-
ing. Although a marked improvement in acid resistance was observed within
the series, the overall resistance only approached that of formula 2414-304.
In all cases, the films were not fully cured. This was probably due to the
absence of pyridine, present in 2414-304, which would tend to further the
thiol-ii.ocyanate reaction, but not one-part stability. It appeared that
the best MTBN surface coatings are obtained with an MlBN/PR-1560-M (Part A)
weight ratio in the range 1:1 - 2:1. Nevertheless, film adhesion in dis-
tilled water and slight acetic acid blistering remain the major problems with
this polymer system.
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Several attempts were made to cure Hycar CTRNX with PR-1560-M
(Part A) and PR-1058. Formulations 2414-308, 308.1 and 405 exhibited
exeesmty #ON blistering in distilled water, iron chloride and acetic
acid. Distilled water adhesion was almost nonexistent after 30 days at
1400 P. A slight improvement in resistance to the four screening test
media was observed when PR-1560-M (Part A) was the sole curing agent.
These failures were attributed to acid and water attack on the substi-
tuted amide structure sheen below.

-R --+- NHCC1CH 2CH-CHC2H4CHC0NHR 4

CN

The initial success attained with isocyanate cured tluoroelastomers
prompted investigation of isocyanate-Buna N coatings. Consequently,
Buna N (butadiene:acrylonitrile copolymer) was evaluated with PR-1560-M
(Part A).

Experience with Buna N type surface coatings indicated that the best
performance characteristics were obtained when the films were baked at
temperatures in the range of 160-180° F for 24 hours. Any significant
level of water or ionic resistance is not realized unless an elevated
temperature cure is conducted. Over a period of time further crosslinking

* takes place, resulting in loss of adhesion, peeling and film undercutting.

* HIL-C-5541 Alcdined aluminum panels were coated with seven variations
of Hycar 1022 (Buna N)/PR-1560-M (Part A) formulations. The NC•)/Buna N
weight ratio was varied from 5.4:1 to 1.1:1. Careful study of 'test data
from formulas 2414-423.3 through 423.5 and 2414-427 through 427.3 indicated
that the optimum, although marginal, acetic acid and iron chloride resis-

tance was attained at NCO/Buna N weight ratios in the range 2.0:1 - 3.0:1.

Acetic acid and iron chloride exposed test panels exhibited blistering,

pinpoint penetration and underf!lm corrosion. Similar results were found
with the salt water/JRF and distilled watt.:- exposures. Film adhesion was

poor with some pinpoint penetration in the former, while adhesion was good

with moderate #10F blistering in the latter.

In summary, none of the polybutadiene:acrylonitrile copolymers investi-

gated provided satisfactory distilled water adhesion or acid resistance.
General chemical resistance was improved by incorporating isocyanates into
the formulations. Concurrent efforts to raise film adhesion only resulted

in reduced acid resistance. In no way did any of the isocyanate/ATBN sur-

face coatings approach either the isocyanate/Viton or mixed isocyanate
formulations in overall chemical resistance or film adhesion.
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INM~STIGTION OF OM-MACAGE _iTERIAIS

A. General Information

A one-package moisture curing surface coating can be prepared by.
employing a polyfuncti.onal isocyanate or isocyanate-terminated prepolymsr.
Current work has resulted in two isocyanate containing materials possess-
ing good acid and solvent resistance.

Screening test data obtained earlier in the program from isocyanate/
epoxide coatings indicated that chemical resistance was inversely pro-
portional to the oxirane concentration. The next logical step was to
investigate mixed isocyanate systems.

The initial efforts along this line wece rather successful, as evi-
denced by the environmental test data derived from forimulations 2414-200.2,
2414-204.1 through 204.3, 2414-206.1 through 206.4 and 2414-212 through
212.3. Reference to Figure 16 of Appendix II clearly shows the effect of
adding PR-1560-M (Part A) to PR-1058. The degree of blistering and under-
film corrosion is seen to be inversely proportional to the concentration
of PR-1560-M (Part A). While the improvement in acetic acid and iron
chloride resistance is readily apparent, the coatings possess low-level
aluminum adhesion. Film adhesion was improved by adding an epoxysilane,
Y-4086, to the urethane system. This is demonstrated in Figures 17 and
18 of Appendix II. Panel A, 2414-206.1 exhibits excellent acetic acid
and iron chloride resistance. Panels B and C. formulas 2414-212.2 and
212.3, each containing 3% hy weight of epoxysilane, resulted in coatings
with greatly increased adhesion, which retained a major portion of the
acid resistance first observed in 2414-206.1.

During the second quarter of the program, formula 2414-217.1 was
developed as an outgrowth of the highly successful 2414-206.1.

2414-217.1

PR-1058 -200

PR-1560-M (Part A) -100

This coating exhibited good overall resistance to the four screening
test environmental fluids. The only drawback was the low-level adhesion
to Alodine and anodized aluminum surfaces. As a result, the coating was
not considered reliable enough for good long-term in-service performance.
Considerable effort was devoted to improve film adhesion of this system.
The approaches undertaken were as follows:

1. Incorporation of silane adhesion promoters

2. Pigmentation
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4 4 4 . Investigation of other isoyanate curing agents

5. Incorporation of otbe-e resins to reduce Zilm brittleness

Three sileass, A-153, 'Y-4086 and Y-4522, were evaluated as potential

adhesion promoters for 2414-217.1. Coa~ing forimilations 2414-235.4, 2-35.5
and 240.2, containlng A-153, ph.euyltriethoxysilaae, wiare found to be
mater5.ally inferior fn chemical resistance. There was no visible improve-.
nent in distilled water adhesion. Also, moderate #10K blisters were
observed on aceti', •-!A_ exposed test panels, with a defi.nite loss irn film
adhesion.

Previou~s work witha PR-1O58/PR-1560-M (Part A) coatings containing
Y-4086 has already been discussed. A final attcmpt wss made to determine
a concentration lewe• of Y-4086 maximizing fil.m adhesion while minimizing
acetic acid attack. Although fo'-mula 2414-240O provided good adhesion, the

coating failedi in 5% acetic acid with moderate #10F' blistering.I Incorporation of Y-4522, be~a-s.ercaptoethyl trimethoxysilane, into
\• •formulas 2414-235 through 235.5 and 24•0.1 also resulted in higher filmS~adhesion. Che optimum adhesion with least acetic acid attack was observed

211

with 2414-235.3 and 240.1. Fcli adhesion appeared modnrately higher snd
cetic acid blistering slightly less than in cases where the epoxvsiane

aas used. Thipots not too unexpected, for the mercaptan is directly re-
actve tonardsinocyanate, whereas the epoxide usually requires either
Sacidic or basic catalysis.

An effort was made to synthesize a silane containing adhesion p.o-
rooter which would have a higher level of reactivity tigrds isocyanares

than either the epoxysilane or the mercaptosilane. Aliphatic alccohols
rYadily hset tais requirement. de.ce, if 2-ethyl, 2-ally-l,3-propanetinol
(XVII) wan converted to thea adduct (XIX by reaction with beta-surcaptoethyi
trimethoxysulane (XVI2I), a s2lane containing daol would result. Tfhi
reaction might proceed aes outnwtd below:

, ~CH2:CHCH2C(CH2OU)., + (CI• 30)sSiC21I 4SH!-
s uI

i(XVI I) (XVIII)

(CH~o)3S C2H4 C3I 6  2 OH)

II
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Fovmatt'on of (XIX) Is predicated upora the nueleophiyigcty of twoe

mercaptide j.un (XX), which in the presence of base, adds via an anti-
ma-skovtAkov echanism to the highly reactive an1yl goroup. The twh-
step mechani.sm is Hhown below:

B:-

RSH A~pRS_

(xx)

R8- + CHf2=CHCH2R' -M RSC 3 H6 Re

In order to insure formation rf the mercqptide, DMP 30 was added as
the basic catalyst. IR analysis of the resulting oil indicated 60-70%
conversion to the desired adduct. An attempted reduced pressure distil-
lation of a poction of the crude oil resulted in partial decomposition
and formation of a solid polymeric material. Consequently, the crude
reaction product was evaluated without further purification in coating
formulations 2414-241 through 241.3. In no instance was the expected
higher adhesion found. The films blistered in distilled water, iron
chloride and acetic acid. Also, significant losses in film adhesion were
observed in, distilled water and salt water/JRF.

Anhydrots talc was added to 2414-217.1 in order to raise both adhesion
and acid resistance. Coating formulation 2414.217.5 exhibited good resis-
tance properties and excellent storage stability. A relatively constant
viscosity was maintainad cve. a six-week duration at ambient temperature.
Unfortunately, the coating checked rather badly when tested for impsct
resistance, thus indicating moderate adhesion and excessive brittleness.
There was no visible improvement in film adhesion.

A combination talc and silane additives was incorporated into the
basic formula 24,14-217.1. Silanes Y-4086 and Y-4522 were evaluated in
talc pigmented systems. Coating 2414-217.51, containing talc and epoxy-
silane, failed acetic acid exposure due to loss of adhesion, but performed
qu:te well in the other three expostxre media. Formulation 7414-217.6,
containing mercaptosilane and talc, exhibited outstanding reristance to
the four test fl~ids. (See Figure 19). This system did not _fford ont-
part stability. The material showed a steady viscosity increase with
ultimate gellati~n after 7 weeks.

Four other oolyfunctional isocyanates were investigated as possible
replacements for the isocyanate adduct in rR-1560-M (Part A). Formulations
2414-245 through 245.5 containing Mondur MR, MII, NACCONATE H12 and DDI
did not approach those coatings cured with PR-1560-M (Part A) in acid or
water resistance. Some examples are presented in Figures 20 and 21.

Experimental data gathered on formula 2414-217.1 indicated that the
low-level adhesion to Alodined and anodized aluminum was due to its
brittleness. The addition of an isocyanate containing resin possessingr less functionality should reduce the film's brittleness. PR-1057, a one-
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package urethane, is characterized by somewhat greater flexibility than
either Pt-1058 or PR-1360-N (Part Al. Coatings 2414-418.24, 418.29,
418.30 and 429.2, containing theme ibocyanates, afforded some interesting
results. The level of adhesion was found to be directly proportional to
the PR-1057 concentration. As the PR-1058 concentration fell, there was
a mignificant increase in film adhesion as well as acetic acid resistance.
'.ximum film adhesion was attained at 100% -. placement of PR-158 by
Pk-1057. Acetic acid exposed test panels o. formulas 2414-418.24 and 419.2
are compared to 2414-217.1 in Figure 22. Formula 2&14-419.2 easily passed
the four screening tests. No evidence of blisterinb, pinpoint penetration
or unoerfilm corrosion could be found on any of the test panels. The
coating also exhibited one-package shelf stability for 7 weeks at ambient
temperatures, and for 7 days at 1200 F. The impact resistnce, or brittle-
ness of the cured file was greatly improved over formulations containing
PR-1058.

In order to determine whither the PR-1057/PR-1560-M (Part A) system
yields optimum chemical and corrosion resistance, uther co-curing agents
were studied.

Formulas 2414-420.8, 420.9 and 424 contained Mondur MR., MDI and DDI.
Examples of acetic acid test exposures for thcse three coatings compared
to 2414-217.1 are shown in Figure 23 of Appendix II. As was found with
the previously discussed PR-1058 formulations, the PR-1057/Mondur MR, MDI
and DDI coatings also displayed inferior acid and water resistance to
those films containing PR-1560-M (Part A).

It was of some interest to uetermine what level of acid and/or fuel
resistance PR-1057 imparts to 2414-419.2. Therefore, a series of PR-1560-M
(Part A) cured coatings was prepared containing PR-1057, PR-1057/talc and
PR-1057/talc/urethane catalyst. Pictorial results of acetic acid exposed
test panels are presented in Figure 24 for formulas 2414-425, 425.] and
425.2. Tle scribed panels easily passed the tape adhesion test.

All three coiti-gr passud the dstilled w~ter, salt wateriJRF
and iron chloride test fluids with good resistance and adhesion. While
film adhesion in 5% acetic acid was quite acceptable, there was eaough
film blistering and pinpoint penetration to cause failure. Incorporation
of anhydrous talc into formula 2414-425.1 did not vi.ibily raise acid re-
sistance. The use of a urethane catalyst in conjunction with talc resulted
in a slight reduction of both pinpoint penetration and film blistering.
It appears that while both PR-1057 and PR-1058 yield good norrosion re-
sistant surface coatings when co-cured with PR-1560-M (Part A), noile of
the three materials provides the same degree of chemical resistan-e or
adhesion when empulyed separately.

B. Final Developmental Studies

Furthec efforts were mode to improve upon forrula 2414-419.2. The
parameters deemed necessary tor study were:

1. Selection of solvent system

2. Optimal PR-1057/PR-1560-M (Part A) ratio
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3. Optimal percent solids

4. Catalyst level (if needed)

5. Effect of incorporating pigments

6. Duration of ambiet temperature ona-part stability

7. Effect of silane adhesion promoters

The evaluations were performed upon coating formulations within the
seriea 2414-42/,.3 thiough 2414-505.3.

Either of two anhydrous solvents, chlorobenxene or cellosolve acetate,
can be rLadily utilized in the PR-1057/PR-1560-M (Part A) system. The
unpigmented film becomes tack-free eL-lier with the aliphatic ether, and
also presents less of a toxicity hazard to the worker than does chloro-
benzene. The best formula with regard to overall film adhesion, corrosioni,
fuel and blister resistance was found to be 2414-501.4.

2414-50.A..4

PR-1057 -220

PR-1560-M (Part A) - 80

Cellosolve acetate -100

Distilled water, salt water/JRM, iron chloride and acetic acid exposed
tust panels for the above formula are ahown in Figure 25. The acetic acid,
salt water/JRF and distilled water panels were scribed for the aAhesio2,

tape test, refer to 4.7.20 of MIL-C-27725A, of which all passed quite easily.
'lareful examination of figure 25 shows that none of the edges or corners of
the defined rectangles -m the scribed panels are irregular. This is ex-
tremely important, for the absence of edge and cuiner unevenness or pitting
denotes excellent coating adhesion. There was absolutely no chemical attack
or blistering on any of the MIL-C-5541 Alodined alumiaum suriaces. Addition
of 2 urethane catalyst did not reduce tack-free time significantly e- pro-
mote a better cured film. Derending upon the relative humidity, thte films
became tack-free within 2 to 4 hours at ambient tempera%r.es.

An endeavor was made to further improve the alretdy extellent adhesion
to aluminum of 2414-501.4. Prior work has shown the most successful urettane
adhesion promoter tc be beta-marcaptoethyl trimethorvsL. ine (Y-4522).
InCorporation of this silane into the one-part coating did not give any dis-
cernible improvement in film adhesion. In f; 't, as might be expected from
previous discussions, there was a very slight reduction in acetic acid
resistance.

Pigments usually are incorporated into surfare coatings to improve
adhesion and chemical or abra-ton resistance. On the basis of the four
preliminary screening tests, ý414-501.4 does not require any of these.
t wever, the material may require pigmentation simply as a coloring agent
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to aid in proper spray or brush &ppiication. it, order to insure long=
term one-part itabilcy, any included pLgment must be essentially free of
soisture. Th ef ffct of tle has been disussed previously. It was of
further interest ti learn the affect of a hijhly colored pigment, consider-
ing both rtabilty and resistance paravetarm. foralilas 2414-428 through

2)I 428.5 wore compounded with Cr 2 03 , The resulting screening tests were
quite inteorstLng. All coatLg. passed both dLstilled water and salt
water/JRF expostires. Fo-.mulatLons 241A-428, 428.1 and 42?.2 easily passed
3% acetic acid, but surprisingly failed the 0.5% iron chloride exposure

2414-428.5, there was acetic acLd attack. Also, the entire series gelled

within 60 hours at ambient te.operatures. This was not entirely unexpected,
for no effort was made to dry the Cr 2 03 . Tt.a moisture carried into the
system by the pigment war evough to react with the. isocyanate, thereby
reducing acid resistance and inducing gellation. Cco'nsequently, any further

et.fortL to incornorate Cr20• in the 2414-501.4 system must include prior
drying of the irnorganic, either I.n a vacuum uven or via azeotropic distil-
lation with benzene.

Foimulation 2414-501.4 has maintained a constant ambient temperature
viscosity of 21 seconds for 106 days. Other similar coatings, for example
2414-425.7, containing talc have displayed a steady increase in Ford cup
viscosity aver the same periou. Thus, in order to realize any degree of
one-part stability, all pigments must be specially dried.
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SECT ZON W~

APPLICATION STUDIES AND QUALIFICATION TESTING

A. Application Studies

A dip-coating technique, as a means of simulating fill and drain
conditions, was employed tn the preparation of the majority of the test
specimens. However, it was considered desirable to evaluatf surface
coating formula 2414-501.4 under the conditions of spray and brush appli-
cation as well. The four screening tests were repeated with this formula
on Alodined test panels prepared by the latter two methods. The perforum-
ance of the coating did not differ in any fashion from the results obtained
on the dip-coated specimens. All panels conformed, after exposure to the
various test conditions, to the requirements of MIL-C-27725A, Amendment 2.

In order to investigate further the application properties of any
candidate material, two sections of a Douglas DC-7 wing tank were procured
from a scrapped aircraft. The two tank sections were already sealed and
overcoated with a polyurethane type surface coating when received. It
was therefore necessary to remove the existing coating by means of steam
cleaning prior to use in any application study. A portion of the tank
nleaning is shown in Figure 26. Unfortunately, the steam cleaning process

utilized an alcaline detergent, which adversely affected the &lodine sub-
strate, so that good film adhesion could not be obtained with coating
2414-501.4.

The effect of the alkaline detergent of the steam cleaning process
upon the MIL-C-5541 Alodined aluminum surface is exhibited in Figure 27.
The aluminum test panel was exposed to the steam from the nozzle blast
for fifteen seconds, It can be seen that the Alodined surface treatment
has been destroyed and severe corrosion started.

The unexpected surface attack by the steam detergent precluded good
overall perfor'tance by coating 2414-501.4. Nevertheless, a spray appli-
cation was made on the stripped wing tank section as well as on a small
anodized aluminum float tank which had not been steam cleaned. The spray
process on the two tanks is shown in Figures 28 and 29. The material
applied quite well, and no difficulty was experienced in obtaining good
surface coverage. The coating wet the substrate adequately and gave no
indication of crawling. Figure 30 is an interior view of the wing tank
section showing the spray applied coating.

The coated tanks were allowed to cure for fourteen days at ambient
temperature. As was expected, the coating on the larger tank displayed
poor film to metal adhesion. The smaller float tank, which had not been
steam cleaned, exhibited excellent film adhesion. The surface coating on
the small float tank was subjected to an alkaline detergent steam cleaning
for protracted intervals. There were no detrimental effects (see Figure
31 of Appendix II) of any nature observed on either the coating or aluminum
substrate. This greatly improved stemn cleaning resistance assumes signifi-
cance when compared to the performance of the original surface coating on

!4
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the Uarger tank, which was easily removed by the cleaning operation.

While the application study was of cursory extent, due to program
tim- limitations, saew significant information was gathered. ApplicationII dta indiamtes that surface coating 2414-501.4 can be applied by spraying,
brushing or fill and drain techniques, all of which yield a satisfactory,S€corrosion resistant film.

I B, Q ualification Tooting Methods

Formulation 2414-501.4, discussed in Section III of this report, was
tested to the full requirements of MIL-C-27725A, Amendment 2, according
to the following schedule.

3.1 Qualification - Not per, Lnent.

3.2 Materials - The two-part requirement is waived.

3.2,1 Appearance - Determined as described in paragraph.

3.2.2 Toxic products and formulation - No known severely toxic
ingredients have been used in the formulation.

3.2.2.1 Toxicity certification - Not pertinent at this time.

3.3.1 Application properties - All specimens were prepared by
d ip-coat ing.

3.3.2 Color - The chromate yellow color requirement not pertinent
at this time.

3.3.3 Weight per gallon - Determined as described in paragraph.

3.3.4 Nonvolatile content - Determined as described in paragraph.

3.3.5 Viscosity - Determined as described in paragraph.

3.3.6 Application life - Not pertinent for a one-package material.

1.3.7 Drying tiw- - Determined as described in paragraph.

3.3.8 Cure time - Determined as described in paragraph.

3.3.9 Resistance to water - Determined as described in paragraph.

3.3.10 Resistance to salt water and fuel - Determined as described
in paragraph.

3.3.11 Resistance to engine oil - Determined as described in
paragraph.

3.3.12 Resistance to hydraulic fluid Determined as described
in paragraph.
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3.3.13 Resistance to iron chloride - Determined as described in
paragraph.

3.3.14 Fuel contamination - This test was not performed. Past
experience has indicated that this type of system does not
contain any knmý fuel soluble materials or fragments.

3.3.15 Low temperature flexibility - Determined as described in
paragraph.

3.3.16.1 Sealing comtpound to coating material - This requirement was
not considered pertinent for a fill and dr-'in ?ystem, as
the integral fuel tank w,uld of necessity -'% sealed prior
to coating application.

3.S.16.2 Coating material to sealing compound - Determined as
described in paragraph.

3.3.17 Material compatibility with MIL-S-4383 material - This re-

quirement was considered not pertinent. To fill and drain
a tank already coated with MIL-S-4383 with 2414-501.4 would
be highly undesirable.

3.3.18 Accelerated storage stability - Determined as described in
paragraph.

3.3.19 Repairability - Determined as described in paragraph.

3.3.20 Resistance to simulated microbial byproducts - Determined
as described in paragraph.

3.3.21 Free diisocyanate - Determined as described in piaragraph.

The candidate coating performed very creditably when subjected to the
above test Londitions. Test results are outlined in Table 3 of AppendLx 1.
A series of pIctures was taken of the specimens after exposure to the
various pertinent specification requirements. These comprise Figures 32
through 40 of Appendix II. Examination of this data will show that surface
coating formulation 2414-501.4 conforms to all applicable test requirements.

C. Advantages and Potential Problems of Fill and Drain Systems

Fill and drain operations. with a one-package surface coating offer
several attractive conveniences over the familiar two-part caating.
Current usage of existing two-package systems depends upon either spray or
brush application. This type of film application is accompanied by several
inherent problems.

The practical application of any two-package surface coating to air-
craft integral fuel tanks will often be limited to tie degree of wing
access. There is also the ever present problem of toxic and,'or obnoxious
fumes in such restricted areas. This precludes internal coating application
unless the worker is well clothed in protective attire and supplied with an
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-- tar,-an • iuif-contained air supply. One partial solution is to precoat
the various tank components prior to final assembly. Nevertheless, there
will always be some later insertions, portions of which are inevitably leftV ..•- wuncoated. The fill and drain process is desirably here because small open-
ings and creviuco can be filled with protective material. The coating thus
acts as a secondary seal as well as eliminating points where crevice cor-
rosion may initiate. Also, the toxicity consideration is greatly reduced
because the worker is no longer exposed to any toxic chemicals which may be

contained in the coating.

Unfortunately, the overall fill and drain process is not without its
Inherent problems. The majority of these problems are of the engineering
type, and presumably, can be readily solveA. Some examples are enumerated
below:

1. Variability of Fill and Drain Material

a. Solvent volatilization

b. Batch blending of new materials which meet the specification
requiremaents individually, but in fact do not perform
collectively.

The above problems vary in severity, but can be resolved through
periodic quality control analysis of solids content and overall film
resistance and adhesion.

2. Contamination of one-part Material Affecting Cure and/or
Performance Properties

a. Improper cleaning and maintenance of material transfer lines
and storage t,%nks.

b. Inadequate cleaning of parts to be overcoated.

c. Partial chemical conversion of coating material due to con-
taminants derived from a and b above.

While these problems may appear formidable at first, they are by no
means insurmountable. For example, a good engineering approach might
contain the following:

(1) Inert gas, nitrogen or argon, systems to purge storage
tanks, transfer lines and surface areas to be coated.

(2) A canned centrifugal pumping system which does not allow

the surface coating material to come in contact with

mechanical reals or lubricants.

(3) The storage tanks and transfer lines should contain an
inert inner coating or sleeve. An example of this is
Teflon lined, stainless braided flexible hose.
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(4) When not in use, the entire system should be sealed with
an inert atmosphere, either gaseous or liquid, to pre-
vent the intrusion of moisture.

In summary, if judicious analysis is made of the engineering require-
ments for a suitable fill and draia system, as well as the quality control
and assurance methods needed to maintain chemical purity of the coating.
the problems outlined above can be resolved.

3
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SWrION V

A moisture curing isocwyana tias Z.Wf-ac C--. ,t o- .. was developed
which successfully qualified against those portions of specification
MIL-C-27725A (USA?) which were applicable to a one-package system.
The can4idate coating ia compounded according to the following
formulat ion:

PR-1057 -220 (Parts by weight)

PR-1560-M (Part A) - s0

Chlorobeuzane or collosolve acetate -100

An interesting isocyanate cured fluoroelastomer coating was derived
from PR-1710 (Part B) and PR-1560-M (Part A). The formula exhibited
exceptional overall chemical resistance to the four screening test media.
The coating, however, possesses marginal adhesion to MIL-C-5541 Alodined
aluminum. Also, carbon black, which is requlred in the formula, may
present an application problem due to its opacity.

The following isocyan.tes were evaluated as potential corrosion
resistant surface coating components.

1. DDI, an aliphatic 36 carbon, diisocyanate

2. Desmodur N, an aliphatic polyisocyanate

3. londur HX, htxamethylene diisocyanate

4. NACCONATE 112, an aliphatic diisocyanate

5. E-196, an aromatic isocyanate terminated prep, lymei.

6. F-84, an -romatic isocyanate terminated prepol -mer

7. Mondur MR, an aromatic polyisocyanate

8. rR-1560-M (Part A), an isocyanate adduct

9. TDI, toluene dilsocyanate

In general, coatings containing aiiphc - isocyanate- exhibit tuich
lower acid and distilled water resistance t i do the aromatIcs. Mondur
MR a&,d PR-1560-M (Part A) displayed the best overall chemic a re i,;tance
of the aromatics studied, with the latter by far the better of tne two.

Conversely, other additives such as polysulfides, mercaptars or
epoxides were observed to drastically reduce acid resistaie and film
adhesion of isocyanate based coatings.
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SECTION V_

RECOMMENDATIONS

The candidate coating. 2414-501.4, has performed e2;cellently when
exposed to the various laboratory test requirements of M•IL-C-27725A.
In order to further confirm its suitability &4 a corrosion preventive

coating for aircraft integral fuel tanks it is suggested that actual
service tests- be run in operat~io~tal aircraft.

In these service tes•ts spray or brush application techniqu~es would
undoubtedly be used due to the expense of the large volume of material

required for a fill and drain operation. The following procedures should
be followed in applying 2414-501.4

Surface Preparation

A. Repair of In-Service Tanks

Prepare in accordance with T. 0. 1-1-3. Section IX, Paragraph 9-43.

B. New Tanks

To provide optimum adhesion and corrosico resistance the coating
should not be applied directly on bare aluminum. A chemical
conversion treatment such as Iridite, Alodine. or anodize should
be used prior to coating with 2414-501.4.

These chemically treated surfaces must be cleaned thoroughly before
application. A progressive cleaning procedure with an oil-free
solvent (reclaimed solvents are seldom suitable) that will dissolve oil
and wax should be employed. Methyl ethyl ketone or MIL-S-8802-C
cleaner are satisfactory. Wash one svmull area at a time, then dry
with a clean cloth before solvent evaporates to prevent redeposition
of oil, wax, or other surface contaminants. To maintain a clean
oL-ent ..... ply always pour the solvent on the washing cloth. The

w1shing and drying cloths should be discarded as each area is
completed.

Application Equipment

A standard spray gun such as a DeVilbiss P-MBC-510 with a 45-G nozzle
combination using an approximate pressure feed tank pressure of
5 psig and an atomizing air pressure of approximately 35 psig -Ts
suitable. Provisions must be made to thoroughly remove all condensate
and oil from the compressed air supply. The material should be sprayed
with a light double pass to a thickness of 0.5 - 0.8 mils.

Cure

The coating, under normal conditions of temperature and humidity,
will be tack free within 2 hours and dry to handle in 6 hours.
As the film drie3 it becomes progressively harder. Solvent resistace
continues to improve for several weeks. Exposure of the film to water
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after the coating has becom tack free will not affect the film
adverbely.

Complete cure requires approximately 14 day6 at 750 F and a relative
humidity of at least 30%. Cure may be accelerated after 12 hours by
he-at in to 1200 F for 24 hours or 1400 F fnr 8 hours. The state of
cure may be checked by rvbbing a test spot with a-gauze sponge wet
with an aromatic naptha. Bare metal should aot be exposed in 50
double strokeE of the pad at moderate pressure when cure is complete.

Repair

In areas where the coating has been scratched, gouged, or otherwise
damaged, lightly abrade surrounding area and feather the edges.
Clean surface with MK and apply new coating. If the damage
extended into the chemical conversion coating the area must be
retreated before application of 2414-501.4.

40



II

APPENDIX I TABLES

TABLE I - FUEL TANK COATING FORMULATIONS

2414-5 2414-100.1

PR-1560-M (Part A) -100 LP-52 -200

LP-32 - 50 PR-1560-M (Part A) -100

Toluene diisocyanate - 10 Monochlorobenzene -200

Chlorobenzene -100 Urethane Catalyst - 1

2414-6 2414-100.2

PR-1560-M (Part A) -100 LP-32 -200

LP-32 -200 PR-1560-M (Part A) - so

Chlorobenzene -200 MonochIorobermene -200

Urethane Catalyst - 1

2414-8

PR-1058 -100 21k4-,10023

PR-1560-M (Part A) - 20 LP-32 -200

EPON 1031 - 30 PR-1560-N (Part A) - 1o
Cellosolve acetate -100 Monochlorobenown -200

Urethane Catalyst - I
2414-10

PR-1560-M (Part A) -100 2414-100.4

MrBN -200 LP-32 -200

Chlorobenzene -200 PR-1560-M (Part A) - 70

Monochlorobenzene -200
2414-17

Urethane Catalyst - 1
"Q 94-002 -100

HEK -120
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Uehn- .... ys _, 0•4.5

2414-100,. 2414-104

LP-32 -200 LP-32 -100

-l-1560-1 (Part A) - 60 PAGE - 40

Mtoochorobsrz.-ne -200 Sylkem 90 - 50

"1Urethan CatalyMt - 1 DMP 30 - 4.5

MEK -190
LI,241-100.6

LP-32 -100 2414-105

EPON 1031 - 50 LP-32 -100

H -200 Sylkem 90 - 33

o PR-1560-M (art A) - 12

MEK -17011 u-32 -100

2414-102

LV-32 -100

STy1 90 - 50 2414-107

PR-1560-M (Part A) - 17 LP-32 -200

?4EK -170 DDI - 50

MEK -150
2414-103

DMP 30 - 1
LP-32 -100

PAGE - 80

MEK -180

DMP 30 - 4
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241,, 10, ,2414-201

LP-32 -200 PR-1058 -100

NACCONATE H12 - 50 PR-1560-M (Pp-.rt A) - 9,2

MEK -160 Sylker 90 - 6

SDMP - I PAGE - 5
SMEK -130

2414-109

E LP-32 
-200 

2414-201.1 
1

Desmodur N - 50 PR-1058 -200

MEK -150 Sylkem 90 - 6

DMP 30 - 1 PR-1560-M (Part A) - 9.2

PAGE - 5
2414-200

MEK - 130

PR-1058 -100

PAGE - 15 2414-202

MEK -120 PR-1058 -100

Sylkem 90 - 8.3
2414-200.1

PAGE - 7.5
* PR-1058 -200

MEK -120
PAGE - 15

MEK -120 2414-202.1

PR-1058 -200
2414-200.2

Sylkem 90 - 8.3
PR-1058 -100

PAGE - 7.5
monochlorobenzene -100 MEK -12 0
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2414-203 2414-205.1

it-lo, -. 0oo 0 P-105, -100

1R-1560-N (Part A) - 13.8 P-1560-, (Part A) - 30

Sylk.. 90 - 10 Monochlorobenzane -100

MK-130 Y-4086 - 23

2414-203.1 2414-205.2

PR-1058 -200 PR-1058 -100

Sylksm 90 - 10 PR-1560-M (Part A) - 40

PR-1560-M (Part A) - 13.8 Monochlorobenzene -100

MEK -130 Y-4086 - 24

2414-204.1 2414-205.3

PR-1058 -100 PR-1058 -100

PR-1560-M (Part A) - 30 PR-1560-H (Part A) - 50

Honochlorobanzene -100 tlonochlorobenzene -100

Y-4086 - 23

2414-204.2

PR-1058 -100 2414-205.4

PR-1560-M (Part A) - 40 PR-1058 -100

Monochlorobenrerne -_00 PR-1560-H (Part A) - 40

Monochlorobenzene -150

2414-204.3
Y-4086 - 20

PR-1058 -100

PR-1560-M (Part A) - 50 2414-206.1

Monochlorobenzene -100 PR-1058 -100

PR-1560-M (Part A) - 50
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2414-206.2 2414-208,2

PR-1O58 -100 PR-1OS8 -100

PR-1010-M (Part A) - 55 PP-1560-M (Part A) - 45

EPON 1031 - 37
2414-206.3

PR-1OS8 
-100

PR-1560-M (Part A) - 60 2414-208.3

PR-1058 -100
2414-206.4

PR-1560-M (Part A) - 40
PR-1058 -100

EPONq 1031 - 34
PR-1560-M (Part A) - 65

MEK - 3.5

2414-207I' 2414-208.4
PR-1058 

-100

PR-1058 -100
Sylkem 90 - 15

PR-1560-M (Part A) - 35
MEK -115

EPON 1031 - 30

2414-207.1 MEK - 35

PR-1058 -200
2414-208.5

Sylkem 90 - 15
MI-1, PR-los8 -100

PR-1560-M (Part A) - 30

2414-208.1 EPON 1031 - 26

PR-1058 -100 MEK - 30

PR-1560-.'- (Part A) - 50

EPON 1031 - 41

MEK - 50
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2414-208.6 2414-209.1

w Pl-.1085 --100 PR-158 -200

PR-1560-N (Part A) - s0 PR-1560-M (Part A) -o00

"..101 - 41 EPON 154 -71

Y-4086 - 1 I -220

,K -50
2414-210

2' 4-208.7 PR-1058 -200

PR-1058 -100 PR-1560-M (Part A) - 50

PR-1560-H (Part A) - 40 EPON 154 - 34

EPON 1031 - 34 Sylkem 90 - 8.7

Y-4086 - 1 MEK -160

MEK - 35
2414-210.1

2414-2Ai••8 PR-1058 -200

PR-1058 -100 PR-1560-M (Part A) -100

PR-1560-H (Part A) - 30 EPON 154 - 57

EPON 1031 - 26 Sylkern 90 - 14

y-408o - I MEK -200

MEK -
2414-211

.414•,•ý9 PR-1058 -200

"PR-1058 .. )- PR-1560-N (Part A) -0

PR-1560-1' (Part A) - EPON 154 - 16

EPON 1031 - 42 EPON 1031 - 30

WEK -160 MEK -170
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2414-211.1 2414-213

PR-l058 -200 PR-1058 -200

PR-1560-M (Part A) - 50 PR-1560-M (PQrt A) -100

EPON 154 - 14.7 EPON 1031 - 50

EPON 1031 - 27.5 W. K -180

Sylkem 90 - 4,3
2414-213.1

•K --150

PR-10.8 -200

2414-212 PR-1560-M (Part A) -100

PR-1058 -100 EPO 1031 - 33

PR-1560-M (Part A) - 50 NEK -150

Y-4086 - 1.5
2414-213.2

2414-212.1 PR-t1.38 -200

PR-1058 -100 PR-1560-M (Part A) -100

PR-1560-M (Part A) - 65 EPON 1031 - 67

Y-4086 - 1.65 MEK -190

2414-212.2 2414-213.3

PR-1058 -100 PR-1058 -200

PR-1560-M (Part A) - 50 PR-1560-'M (Part A) -100

Y-4086 - 4.5 EPON 1031 - 80

ME -200
2414-212.3

PR-1058 -100 2414-213.4

PR-1560-M (Part A) - 65 PR-1058 -200

Y-4086 - 4.35 PR-1560-M (Part A) - 67

EPON 1031 - 50

HEK -150
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2414-213_5 2414-215.3

f PR-1560-W (Part A) - 67 PR-1560-M (Part A) - 50

UMK] 1031 - 33 NI]ON 1031 - 53

W6K -140 M6K -130

2414-214 2414-215.4

PR-1058 -200 PR-1058 -200

PR-1560-M (Part A) - 30 PR-160-M (Part A) - 50

Epoxido 207 - 12.3 EPON 1031 - 67

1EK -100 HEK -170

2414-215 2414-215.5

PR-1058 -200 PR-I058 -200

PR-1560-M (Part A) - 67 PR-1560-M (Part A) - 50

EPON 1031 - 67 EPON 1031 - 80

1EK -170 MEK -180

2414-215.1 2414-216

PR-1058 -200 PR-1058 -200

PR-1560-M (Part A) - 67 NIAX 560 - 90

EPON 1031 - 80 MEK -190

MEK -190
2414-216.1

2414-215.2 PR-1058 -200

PR-1058 -200 NIAX 560 - 80

PR-1560-M (Part A) - 50 MEK -190

EPON 1031 - 50

MEK -150
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2414-216.2 2414-217.51

PR-l058 - 80 PR-1058 -200

PR-1560-H (Part A) - 40 2414-217.4 -165

NIAX 560 -160 Y-4086 - 10

MEK -200
2414-218

2414-216.3 PR-1058 -200

PR-1058 - 80 NIAX 520 - 37

PR--1560-M (Part A) - 40 MEK' -130

NIAX 560 -14-
NEK -200

PR-1058 -200

2414-217.1 NIAX 520 - 29

PR-1058 -100 IMEK -130

PR-1560-M (Part A) - 50
2414-218.2

2414-217.4 PR-1058 -120

PR-1560-M (Part A) -100 PR-1560-M (Part A) - 60

Tale - 65 NIAX 520 -100

MY_ K -190

2414-217.5

PR-1058 -200 2414-218.3

2414-217.4 -165 PR-1058 -120

PR-1560-14 (Part A) - 60

2414-217.6
NIAX 520 - 89

SPR-1058 -200
MEK -180

PR-1560-M (Part A) -100

Tale - 65

Y-4522 - 15

49

S.. . . . ,



2414.2.19 2414-221.1

fit-10SS -200 -200

Sylkew 90 - 3 P1N 103o1 - 10

1EK -10n0 MEK -105

D1QSO0 - 0.1
2414-219i1

PR-10o8 -200 2414-221.2

PR-1560-N (Part A) - 30 PR-1058 -200

Sylkem 90 - 7 EPON 1031 - 5

MEK -110 MEK -100

DMP 30 - 0.1
2414-219.2

PR-1560-M (Part A) -200 2414-221.3

Sylkem 90 - 30 PR-1058 -200

MEK -110 PR-156n-m (Part A) -130

EPON 1031 5
2414-220

MEK - IOPR-1560-M (Part A) -200
DI• 30 - 0.1I

Hooker Hydrox, Prepolyuer - 29

NEK -100 A414 -221.4

W .50 - 0.1 PR-lCS8 -200

PR-1560-M (Part A) -1002414-221

EPON 10'1 - 5
PR-1058 -200

W£K -150
EPON 1031 - 15

4 DNP 30 0.1
M;K -100

DP 30 - 0.1
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2414-221.5 2414-222.3

PR- 105 -200 PR-1058 -200

PR-1560-M (Part A) - 60 PR-1560-,l (Part A) -150

EPIN 1031 - 5 Y-4086 - 14

MEK -120 M -170

DW 30 - 0.1 DOP 30 - 0.1

2414-222 2414-222.4

PR-1058 -200 PR- 1058 -200

PR-1560-M (Part A) - 20 PR-1560-M (Part A) -170

EPON 1031 - 5 Y-4086 - 14.8

NEK -100 MEK -180

DHP 30 - 0.1 DMP 3C - 0.1

2414-22).1 2414-223

PR-1058 -200 PR-1560-M (Part A) -200

PR-1560-M (Part A) -130 EPON 1Q31 - 25

Y-4086 - 13.2 MEK -100

MEK -160 DMP 30 - 0.1

DMP 30 - o41
2414-223.1

2414-222.2 PR-1560-M (Part A) -200

PR-1058 -200 EPON 154 - 18

PR-1560-M (Part A) -130 MEK -100

Y-4086 - 16.5 DMP 30 - 0.1

MEK -160

DMP 30 - 0.1
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2414-223,2 2414-226.1

PR-1560-H (Part A) -200 PR-1058 -200

Sylkem 90 - 19 NAX 560 - 20

!'EK -100 MEK -120

DMP 30 - 0.1

2414-227

PR-1560-H (Part A) -100
2414-223.3

NIAX 560 - 90
PR-1560-M (Part A) -200

HEK -1gu
Epoxide 207 - 9

MIK -100 2414-227.1

DbW 30 - 0.1 PR-I.60-M (Part A) -100

244-2 NLAX 560 - 602414-224
HEK -160

PR-1560-M (Part A) -200

EPONOL 55B40 - 50 2414-228

1.K -130 PR-1058 -200

NIAX 520 - 20
2414-225

PR-1560-M (Part A) -200 MEK -120

PR-1O8 - 50 2414-228.1

EPOMOL 53B40 - 55 PR-1058 -200

MEK -150 NIAX 520 - 10

N.K -110
2414-226

PR-1058 -200 2414-229

NUAX 560 - 40 PR-1560-H (Part A) -200

14K -140 NEAX 520 - 80

MEK -180
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2414-229.1 2414-231.2

PR-1560-M (Part A) -200 P84 - 50

NIAX 520 - 40 PR-1560-M (Part A) -100

I•K -140 PR-1566 (Part B) -120

MEK -160
2414-230

PR-1560-M (Part A) -164 2414-232

PR-1566 (Part B) -100 PR-1560-M (Part A) -154

EPON 1031 - 5.3 PR-1566 (Part B) -120

HK -130 PR-1415 - 20

DMP 30 - 0.1 MEK -150

DMP530 - 0.1

2414-231

PR-1560-M (Part A) -1i64 2414-232.1

PR-1566 (Part B) -100 PR-1560-M (Part A) -100

ITBN - 28 EPONOL 53B40 - 43

MEK -150 MEK -195

DMP 30 - 0.1
2414-232.2

2414-231.1 PR-1560-M (Part A) -100

F84 - 50 EPONOL 55B40 - 58

PR-1560-M (Part A) -100 MEK -260

PR-1566 (Part B) -160
2414-232,3

MEK -180
PR-1560-M (Part A) -100

PR-1058 - 15

EPONOL 55340 - 15

-175
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V .... 
2414-234

PR-1$6058 (Pert A) -100 PR-1560-M (Part A) -200
PR-O3B40 

- 40 RPONOL 55540 
- soEPONOL 55340 - 60 MLxed Solvent 
-180

HK 
-270

! 
2414-234.1

2414-232.5 
PR-1560-M (Part A) -200El96 

- 50 EPONOL 55940 
- 75PR-1560-M (Part A) -100 Mixed Solvent 
-220

PA-1566 (Part B) -160
MEK -180 2414-234.2

PR-1560..M (Part A) -200
92414-22.6 

EPONOL 55BA0 -1001- 
50 Mixed Solvent 

-230
PR-1-560-M (Part A) -100

PR-1566 (Part B) -120 2414-23L.3

6EK PR-1560-M (Part A) -200
EPONOL 53B40 -129

2414-232.7 
Mixed Solvent 

-240
PR-1560-M (Part A) -200
EPONDL 55B40 - 29 2414-234.4

W.K -230 EPONOL 55840 -143
PR-1560-M (Part A) - 152414-233 
Mixed So lvant -150

PR-1560-M (Part A) -100
EPONOl, 55B40-200 

2414-234.5

-2300M5 4K -2 .30 Mix d S B40 -143
PA-1058 

-100

Mixed Solvent 
-150
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2414-234,6 2414-235,3

IEP0WRL E-11 - 01.5 Fxk-i058-',

PR-1560-M (Part A) -200 PR-1360-H (Part A) -100

HeK -200 y-4522 - 15

2414-254.7 2414-235.4

EPOCRYL E-11 -123 PR-1058 -200

PR-1560-M (Part A) -200 PR-1560-H (Part A) -100

HEK -300 A-153 - 7

2414-235 2414-235.5

PR-105B -200 PR-1058 -200

PR-1560-M (Part A) -100 PR-1560-M (Part A) -100

Y-4522 - 5 A-153 - 16

SMK -150
2414-236

2414-255.1 E196 -200

P,R-1058 -200 EPOCRYL E-11 - 15

PR-1560-H (Part A) -100 MEK -110

Y-4522 - 10
2414-236,1

WEK -150
E196 -200

2414-235.2 EPOCRYL E-1l - 50

PR-1058 -200 HEIC -150

PR-1560-H (Part A) -100

Y-4522 - 20

MCK -150
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2414-237 2414-218.4SPOCRYL E-I1 -100 NACCOATE 1H12 -100

PR-1560-H (Part A) -200 EPOCRYL E-11 - 19

V-4522 - 18 MEK -120

14CK -200

OP 30 
- 0.25

PR-1560-M (Par't A) -200

2414-238 Diphenyl Oxide iXNO1AC - 67

N&CCOKATF K12 -100 MEK -130

PR-1566 (Part B) -150 DMP 30 - 4

NEK -175
2414-240

2414-238.1 PR-1058 -200

ACCONATE H12 -100 PR-1560-M (Part A) -200

PR-1566 (Part B) - so Y-4086 - 10

HE[ -140

2414-240.1

2414-238.2 PR-1058 -200

MCCOMtATE H12 -100 PR-1560-M (Part A) -200

EPONOL 55B40 -103 Y-4522 - 10

Mixed Solvent -200' 2414-240.2

2414-23eo3 PR-1058 -200

j MCCGHATE H12 -100 PR-1560-H (Part A) -200

EPOKOL 55M40 - 57 A-153 - 10

HLxed Solvents -150
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2414-241 2414-245

PR-1058 -200 Ulivthanc: 10( CA -20C

PR-1560-M (Part A) -100 PR-15W-M (Part ') -100

Adduct of BTBN-APD - 10 ?EK -100

2414-241.1 2414-245.1

PR-OS8 -200 Unithane 100 CA -200

PR-1560-M (Part A) -100 PR-1560-M (Part A) -200

Adduct of MTBN-APD - 20 MEK - 50

2414-241.2 2414-243.2

Pk-1058 -200 Unithane 10C CA -200

PR-1560-M (Part A) -200 PR-1560-M (Paý:t A) -100

Adduct of MfBN-APD - 10 PR-1058 - 50

IEK -175
2414-241.5

PR-1058 -200 2414-243.3

PR-1560-M (Fart A) -20C Unithane 100 (A -200

Adduct of WONf e -APD - 2v PR.-1560-M (Part A) -200

PR-1058 -200
2414-242

i , l MK- 80

PR-1360-M (Part A) -200

Desmndur N -100 2414-2"

PR-1058 -200
2414-242.1

PR-1560-M (Part A) -100
PR-1560-M (Part A) .-200

M4BN - t0

Desmodur N -200
2414-413.2 - 10
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PR-1056 -200 PR-1058 -200

PR-1560-M (Part A) -100 DL'I - 70

;•ral - 10

2414-413.2 - 10
1i~M'I~iN -1O00

2414.,.,-_.24•5 Sy Ikem 90 - 21

PR-10o8 -200 MEK -150

H1mdur IS - 23 DM1P 50 - 1

IEK - 27
2414-500.2

2414-245.1 I"BN -100

PR-1058 -200 PR-1560-M (Part A) - 32

Mondur MR - 12 IEK -150

M EK - 15

2414-500.3

2414-245,.2 ltfBN -100

PR-105 -200 PAGE - 17

rv- - 1J _1 qf
MUL-., MEK ..

DMF 50 
- 1

PR-1058 -200 2414-500.4

MDI - 26 MnTN -100

PR-1560-M (Part A) - 16

2414-245.4 PGPAGE - 8

P1-1058 
-200

(CK -150ILI&OGOMTE 1(12 - 50
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2414-300.5 24 14-302

•TBN -loo PR-1058 -200

PR-1560-M (Part A) - 6 PR-1560-M (Part A) -130

PAGE - 7 KrBN - 40

Sylkem 90 - 3 MEK -200

MEK -150 Pyridine - 0.4

2414-301 2414-302.1

PR-1058 -200 PR-1058 -200

WrBN - 40 PR-1560-M (Part A) -100

MEK -150 ?fBN - 20

Pyridine - 0.4 MEK -180

Pyridine - 0.2
2414-301.1

PR-1058 -2;0 2414-302.2

b4rBN - 20 PR-1058 -200

MEK -150 PR-1560-M (Part A) -100

Pyridine - 0.4 WTBN - 50

Y-4086 - 4
2414-30."..2

MEK -190
PK-1058 -200

Pyridine - 0.3
MrBN - 30

Y-4086 - 4 2414-303

13K -130 PR-1058 -200

Pyridine - 0.4 MTBN - 20

EPON 1031 - 40

MEK -180
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2414-503.1 2114-304

FR-105 -200 MTEN -200

/TBN - 40 PR-1560-M (Part A) -100

EPOt4 1031 - 20 Monochlorobenzene -150

MEK -180 Pyridine - 0.4

2414-303.2 2414-305

PR-I058 -200 EPOCRYL E-11 -100

PR-1060-M (Part A) -100 ?rBN - 10

MTIRN - 5 PR-1560-M (Part A) -200

EPON 1031 - 5 Mized Solvent -120

MEK -170 DMP 30 - 0.125

2414-030.3 2414-306

PR-1058 -200 MrHBN -200

PR-1560-M (Part A) -100 PR-1560-M (Part A) -100

?TBN - 10 Y-4522 - 8

EPON 1031 - 10 MEK -150

MZE -180 OMP 30 - 0.125

2414-503.4 2414-306.1

PR-1058 -200 ?'fBN -200

PR-1560-M (Part A) -100 PR-1560-M (Part A) -100

?TIr! - 10 Y-4522 - 15

EPON 1031 - 20 NEK -150

MEK -180 DIMW ý3 - 0.125
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2414-307 2414-308.1

T'BN -100 CTBNX -100

EPOI4 154 - 20.9 PR-1560-M (Part A) - 50

NEK -230 MEK - 80

DMP 30 - 1.3

2414-400

241A-307.1 PR-1566 (Part B) -200

MrBN -100 PR-1560-M (Part A) -100

EPO•t 154 - 25 Pyridine - 0.25

ME•K -230
2414-401

DZP 30 - 1.4
Diphenyl Oxide NOVOIAC -100

2414-307.2 PR-1560-H (Part A) -113

MrBN -100 HEK -150

EPON 154 - 24.1
2414-401.1

MEK -230
DiFhenyl Oxide NOVOIAC -100

DMP 30 - 1.45
PR-1560-H (Part A) -120

2414-307.3 Sylkem 90 - 5

HMN -100 MEK -160

EPON 154 - 26.3
2414-401.2

MEK -230 mwmmmm.

Diphenyl Oxide NOVOIAC -100

DIMP 50 - 1.58
PR-1560-M (Part A) - 94

2414-508 PR-108 - 82

CT!BNX -100 HEK -230

PR-1560-H (Part A) - 75

MEK -100
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V..V

2414-401.3 2414-402

Dipheayl Oxide VO'OLAC -100 Adduct of A-1100 and
Y-4oe6 - 92

PR-1560-M (Part A) -133
Iuopropanol - 78

LP-32 - 10

MCK -180 EPON 1031 - 42

Dibutyltin dilaurate - 0.25

2414-401.4
2414-403

Diphenyl Oxide NOVOIAC - 50 Diphenyl Oxide NOVOIAC -100
PR-1560-M (Part A) -134

EPON- 1031 - 86
LP-32 - 30

MEK -180
MEK -170

DMP 30 - 0.28

2414-401.5
2414-403.1

Dipheny1 Oxide NOVOIAC - so
Diphenyl Oxide NOVOIAC -100

PR-1560-M (Part A) -144
EPOtN 1031 - 95

LP-32 - 50
H3K -19.)

PR-1058 - 10
IDMP 30 - 0.28

HK -250

2414-403.2
2414-401.6

Diphenyl Oxide NOVOL&C -100

Diphenyl Oxide NOVOLAC -100 ON11-61O\
PR-1560-M (Part A) -141

PR-1058 - 29
LP-32 - 10 -

Sylkem 90 - 5

MEK -250
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2414-403 .3 2414-406

Diphanyl Oxide NOVOLAC -100 PR-1710 (Part 1) -200

WPO 1031 - 80 PR-1560-M (Part A) -100

PR-108 - 36 NIBK -100

MEK -200
2414-407

2414-404 PR-1710 (Part B) -200

PR-1566 (Part B) -100 PR-1560-M (Part A) - 50

Diphenyl Oxide NOVOLAC - 10.8 MIBK -120

PR-1058 -200

HEK -150

2414-404.1

PR-1566 (Part B) -100

Diphenyl Oxide NOVOIAC - 13.5

PR-105M -200

1.3K -150

2414-405

PR-1038 -200 "..

PR-1560-M (Part A) - 42.7

r.ý

1.33

A•- '
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A"4-0 2414-413

PtP3-1710 (Part 1) -157 Pi-1038 -240

VersauLd 415 - 20 Y-4086 - 7.2

MIUK -210
2414-413.1

2414-409 PR-1560-H (Part A) -150

"wPOCanL 3-11 -200 Y-4322 - 97

16K -200
2414-413.2

U.V. Source -
(2200 Angstroms) PR-1560-H (Part A) -150

Y-4522 - 32
2414-410

Mon B 2,414-414
(18.2% MIBK Solution) -215

PR-1710 (Part B) -200
N&CC0NATS 112 - 43

Mondur HX - 50
MIJK -130

MIBK -160
Maglite D - 3.5

2414-414.1
2414-411

PR-1710 (Part B) -200
Viton D

(18.2% MIDI Solution) -213 Mondur liX - 25

MACCMAT1 9112 - 43 MT31K -160

MOK -2002414-415

Magl/ta D - 3.5
PR-1710 (Part 1) -200

2414-412 Desmodur N - 25

Miton I5 MIK -160
(18.2% MINK SolutLon) -213

XMO(]ATT 112 - 43

PR-160-H (Part A) - 16

MINK -260
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2414-415 .1 2414-417.3

PR-1710 (Part 3) -200 Viton LM

(3O MTSK solution) -200
Desmodur N - 25

PR-l0S8 - 25
MIBK -160

PR-1560-M (Part A) - 75

2414-416 Y-4522 - 8

PR-1710 (Part B) -200
2414-417.4

MIBK -140
Viton LM

A-1100 - 5 (33% MIBK Solution) -200

24447PR-1560-M (Part A) -100

Viton LM 2414-417.5
(33% MIBK Solution) -200

Viton LM
PR-1560-M (Part A) -100 (53% MIBK Solution) -200

Y-4922 - is PR-1560-M (Part A) - so

2414-417.1 2414-417.6

Viton LM Viton A
(33% NIBK Solution) -300 (20% MIBK Solution) -200

J PR-1560-M (Part A) -100 PR-1560-H (Part A) -100

Y-4522 - 15 1H4K -100

Mr Carbon Black - 10
2414-417.2

Mgo - 6
Viton B

(18.2% MI1K Solution) -215

PR-1560-N (Part A) -100

MIBK -100

Y-4522 - 15
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241"-417.7 2_414-4171

Mton A Vfton A
(20G MISK Bolution) -200 (20% MIBK Solution) .-200

72-1560-N (Part A) - 50 Domodur N - 50

MIlK -120 MIBK -185

HE Carbon Black - 10 MT Carbon Black - 10

l0 -6 Mg 6

2414-417.8 2414-417.12

VMton A tiron A
(20% MISK Solution) -200 (20% HISK Solution) -200

Versamul 415 - 26 Desmodur N - 25

M)BK -270 MIBK -160

Mr Carbon Black - 10 Kr Carbon Black - 10

Mio - 6 Mgo - 6

2414-41.13

Viton A Viton A
(20% MIlK Solution) -200 (20% MIBK Solution) -200

Momdur RX - 30 A-1100 - 5

MIBK -185 MIBK -14.)

III Carbon Black - 10 Mr Carbon Black - 10 t

-, MgO -6

2414-417.10 2416-417.14

Viton A Viton A
(20% dIBK Solution) -200 (20% MIBK Solution) -200

Mondur DX - 25 NACCOMATE H12 - 50

MIBK -160 HISK -140

MW Carbon Black - 10 Mr Carbon Black - 10

M90 - 6 M60

66
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S/

2414-418 2414-418,4

Viton A Viton
(20% MIRK Solution) -200 (20% MIRK Solution) -200

PR-1560-M (Part A) - 50 PH-1560-M (Part A) - 50

mIBK -100 PR-1058 - 50

Y-4522 - 2.5
2414-418 .1

MIRK -150
Viton A

(20% MIBK Solution) -200
2414,4185

PR-1560-M (Part A) - 50

VLton f,
MIRK -100 (20% MIRK Solution) -200

Y-4522 - 2.5 PR-1560-M (Part A) - 5s

PR-1058 - 252414-418.2

Y-4522 - 2.5
Viton A

(20% MIRK Solution) -200 MIRK -125

PR-1560-M (Part A) - 50

2414-418.6PR-1058 - so

VLton A
MIBK -150 (20% MIRK Solution) -200 .

PR-156C-M (Part A) - 55
2414-413.3

2414-413.2 - 10Viton A

(20% MIBK Soluttio) -200 MIRK -144

PR-1560-M (Part A) - 50
2416-1.7

PR- t058 - 25

Viton A
MIRK -125 (20% MISK Solution) -200

PR-1560-M (Part A) - 55

2414-413.2 - 20

MIRK -150
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i-a 4-~A1xS6 SA.14-418.13

VLton A Vitan 124
(20% hiski doluti~on) - 2, %...... ,.,v (30 HS Souton

P1-1560-H (Part A) -140 PR-1560-M (Part A) -150

2414-413.2 - 10 Maglite D - 6

MEEK -130 MIRK - 90

2414-418.9 2414-418.14

Viton A Vitom LM
(201 MIRK Solution.) -200 (30% MIRK Solution) -134

PR-1560-H (Pirt A) -140 I'R-1560-H (Part A) -150

2414-413.2 - 10 Maglite D - 6

l415K -130 MIRK - 90

Talc - 25 Talc - 25

2414-418.11 2414-41R.I-

Viton A Viton A

(2M, MIRK Solution) -200 (20% MIRK Solution) -200

PR-1560-N (Part A) -150 PR-1560-H (Part A) -200

MIBK -130 Haglite D - 6

laglite D - 6 Talc -25

MIRK -100

2414-418.12

Vitou A 2414-418.16
(20% MIRK Solution) -200

Viton A
PR-1560-H (Part A) -150 (20% MIRK Solution) -200

MIRK -130 Nondur MR -100

Kiglite D - 6 Haglite D - 6

Talc - 25 Talc - 25

MIRK -100
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2414-418.17 2414-418.21

Viton B Viton A

(20% MIBK Solution) -200 (20% MIBK Solution) -200

PR-1560-M (Part A) -200 Mondur MR -150

Maglite 1 - 6 Maglite O - 6

Talc - 25 Talc - 25

MIBK -200 MIRK -300

2414-418.18 2414-418.22

Viton B Viton A
P (20% MIBK Solution) -200 (20M MIBK Solution) -200

Mondur MR -100 Mondur KX -300

Maglite D - 6 Maglite D - 6

Talc - 25 Talc - 25

MIBK -300 MIBK -150

2414-418.19 2414-418.23

Viton A Viton LM
(20% MIBK Solution) -200 (30% M4 K Solution) -200

Mondu- MR -100 PR-1560-M (Part A) -200

Maglite D - 6 PR-1058 -100

Talc - 25 Maglite D - 9

MIBK -200 Talc - 25

MIbK -150

2414-418.20

Viton A 2414-418.24

(20% MIBK Solution) -200
PR-1057 -100

PR-1560-M (Part A' -300
PR-l05B -100

Magl ite D - 6
PR-1560-M (Pa-t A) -100

Talc - 25
Chlorobenzene - 50

MIBK -150
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2414-418.25 2414-418.29

Viton A PR-1057 -130
(20 MIBK Solution) -200

PR-1058 - 70P1-1560-N (Part A) -300
PR-1360-M (Part A) -100

Maglite Y - 6
Chlorobenzene - 45

MIEK -100

2414-418.30

2414-418.26

PR-1057 -170
Viton A

(20% MIBK Solution) -200 PR-1058 - 30

PR-1560-M (Part A) -200 PR-1560-M (Part A) -100

Maglite Y 6 Chlorobenzene - 35

MIRK -50
24.4-418.31

2414•418.27 Viton A
(20% MIBK Solution) -200

Viton B

(20% MINBK Solution) -200 DDI - 50

PR-1560-M (Part A) -300 MIBK - 50

Maglite Y - 6 Mr Carbon Black - 10

MIBK -100 MgO - 6

2414-418.28 2414-418.52

Viton B Viton A
(20% MIEK Solution) -200 (20% MIBK Solution) -200

PR-1560-M (Part A) -200 DDI - 50

Maglite Y - 6 MIBK - 50

MIBK -120 M9O - 6
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2414-419 
2414-420.!

PR- 1 IA27
-- lf -MBN -100

Toluene -290 PP-1560-M (Part A) -300

2414-419.1 2414-413.2 10MEK-2

PR- 1440 -127 - 25

Toluene -294 2414-420.4
KrlBN 

-0
2414-419.2 -100

PR-1560-M (Part A) -200PR-1057 -200
2414-415.2 - 10PR-1560-M (Part A) -100

IEK - 50Ch1orobenzene -100

2414-420

?IrBN -100
PR-1560-M (Part A) -100

PR-1560-M (Part A) -600

2414-413.2 - 102414,-413.2 - 10

MEK - 50

2414-420.1

2414-420.8\ fTBN -100

PR-1560-M (Part A) -500 PR-1057 -200

2414-413.2 - 10 Nondur PU - 12
Chlorobenzeta - 64

2414-420.2

2414-420.9MTBN -100 ..
PR-1057 -200

PR-1560-M (Part A) -400
MDI 

- 262414-415.2 - 10
Chlorobenzene - 50
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2414-422 2414-422.4

Vitan B Viton R
(20% MIRK Solution) -200 (2M MiBK Solution) -200

MIBK PR-1560-M (Part A) -200

Trioctylphosphine - 5 MIBK -200

PR-1560-M (Part A) -100 Trioctylphosphitte - 10

2414-422.1 2414-422.5

Viton B Viton B
(20% MIRK Solution) -200 (20% MIBtK Solution) -200

PR-1560-M (Part A) -100 PR-1560-M (Part A) - 20

MIRK -200 MIRK -105

Trioctylphosphine - 10 Trioctylphosphine - 10

! 2414-422.2 2414-422.6
ViYtwn B Viton B

(20% MIRK 3olution) -200 (20% MIRK Solution) -200

PR-1560-M (Part A) - 50 PR-1560-4 (Part A) -100

MIlK -100 MIRK -300

Triucitylp'hoip',iuiwe A L Trýocy~pop~c-1

2414-422.3 2414-422.7

Viton B Viton B
(20% MIBK Solution) -200 (20% MIBK Solution) -200

PR-1560-M (Part A) - 50 PR-1560-M (Part A) - 30

MIRK -100 MIRK -100

Trioctylphouphine - 10 TrLoctylphosphine - 10
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2414-422.8 2414- 424

Viton B PR- 1057 -200
(20% MIBK Solution) -200

DDT -100PR-1560-M (Part A) - 10
MIEK -100

MIBK -100 -

TrioctylphosphLne - 10 2414-425

PR-1057 -100
2414-422.9

Viton B Cellosolve acetate -I00
(20% MIBK Solution) -200

PR-1560-M (Part A) - 40 2414-425.1
PR-1057 -J3O0

NIBK - 95

Cellosolve acetate -I00

2414-425.3 Talc - 75

Hycar 1022
(10% MIBK Solution) -200 2414-425.2

PR-1560-M (Part A) -200 PR-1037 -100

MIBK - 50 Cellosolve acetate -100

Talc - 75
2414-423.4

Organometallic catalyst - 0.16
Hycar 1022

(10% MIBK Solution) -180

24144-25.3
PR-1560-M (Part A) -220

PR-1057 -200

Cellosolve acetate -100

2414-425.5 2414-217.4 - 35

Htycar 1022

(10% MIBK Solution) -150 2414-425.4

PR-1560-M (Part A) -250 PR-1057 -200

MIBK -100 Cellosolve acetate -100

Talc - 75

2414-217.4 - 55
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2414-425.5 2414-426.5

PR-1057 -220 PR-1057 -300

PR-1560-M (Part A) - so Cellosolve acetate -150

Chlorobenzenm -100 Organomutallic catalyst - 0.45

PR-1560-M (Part A) - 60
2414-425.6

PR-1057 -220 2414-426.6

PR-1560-M (Part A) - 80 PR-1057 -300

Celiosolve acetate -100 Cellosolve acetate -150

PR-1560-M (Part A) - 30
2414-425.7

PR-1057 -200 2414-426.7

2414-217.4 -105 PR-1057 -300

Cellosolve acetate - 75 Cellosolve acetate -150

PR-1560-M (Part A) - 60
2414-425.8

PR-1057 -220 2414-427

PR-1560-M (Part A) - 80 Hycar 1022
S(10% MIBK Solutic J -200

'iCellosolve acetate -100 (~HB oui )-0

PR-1560-M (Part A) -110
Urethane catalyst - 1

MIBK -55

2414-426.4
2414-427.1

PR- 1057 -300
Hycar 1022

"Cellosolve acetate -150 (10% HIBK Solution) -200

Organomatallic ratalyst - 0.45 PR-15E0-M (Part A) - 94

PR-1560-M (Part A) - 30 MIEK - 55

74

.w..



2414-427.2 2

Hycar 1022 PR-107
(1if% MIBK Solution) -200 (PLianted with Cr2 03 ) -100

PR-1560-M (Part A) - 65 organomtallic catalyst - 0.08

MIBK - 40
2414-428.5

2414-427.3 PR-1057(Pigmented with Cr2 03 ) -200

Hycar 1022
(10% MIBK Solution) -200 PR-1560-M (Part A) -100

PR-1560-M (Part A) - 47 2414-301
MIEK - 28 21-0

_ PR-1057 -200

2414-428 PR-1560-M (Part A) -100

PR-1057 Chlorobenxene -100
(Pigmented with Cr 2 03 ) -280

PR-1560-M (Part A) - 40 2414-501.1

PR-1057 -200
2414-428...1

PR-1560-M (Part A) -100

PR-1057
(Pigmented with Cr 2 03 ) -ý00 Y-4522 - 5

PR-1560-M (Part A) - 20 Chlorobenzene -100

2414-428.2 2414-501.2

PR-1057 PR-1057 -200

(Pigmented with Cr 2 03 ) -250
PR-1560-M (Part A) -100

ii ~~PR-1560-14 (Part A) - 70 C l rb n e e-0

ChlorobenzetiC -190

"2414-428.3 Pyridine - I

PR-1057
(Pigmented with Cr2 o3 ) -100
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24142414 501,8

ft 1-1w9 -200 PR-1097 -200
13-1360-K tP.t A) -100 PI-2560-M (Part A) -100

tY-4522 - 20 Chlorobansens -100

OCloobonsen -100 TrioetylphosphLne - 5

Pyridime - I
2414-301.9

SPit-1057 -200

PR-1057 -220 PR-1560-M (Part A) -100

PR-1560-N (Part A) - 80 Chlorobenee --100

Cellosolve acetate -100 Trioetylphomph-ine - 10

2414-501.5 2A,4- ý%Ol.i0

PR-1057 -240 PR-1057 -200

PR-1560-M (Part A) - 60 ric-1560-A (2art A) -100

Chlorobensene -10O Chloro!enzene -100

Tioctylphosphine - 15
2414-501.6

PR-1057 -1pO 2414-501,11

PR-1560-H (Part A) -.120 PR-1057 -200

Chlorobenzene -100 PR-1560-M (Part A) -100

Chlorobenzene -100
STrioctylphosphint - 20

PR-1057 -160

o PR-1560-M (Part A) -140 2414-501.12

Chlorobensene -100 PR-1057 -200

PR-1560-M (Part A) -100

Chlorobenzene -100
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2414-505 2414-520.1

PR-1057 -100 PR-1560-H (Part A) -200

Chlorobeansne 50 PR-105$ -100

2414-305.1 8PO0L 55340 - so

MLed Solvent -120
PR-1057 -In0

Y-4522 - 10
Y-4522 - 5

Chlorobentene - 50 2414-520.2

PR-1560-M (Part A) -200
2414-505.2

Pa-loss -100
PR-1057 -100

EPOUOL 55B40 - 25
PR-1560-M (Part A) - 50

Mixed Solvent - 70
Chlorobensene - 50 Y..4522 - 10

Tal2 - 60

2414-520.3
2414-305.3

PR-1560-M (Part A) -20C
PP-1057 -100

PR-lOS8 -125

PR-1560-M (Part A) - 50 I'O53 4 - so

Chlorobenzene - 50
Mixed Solvent -150

Y-4522 - 3
Y-4522 - 10

Talc - 60

2414-520.4
2414-520

PR-1560-M (Part A) -200
PR-1560-H (Part A) -200

PR-l058 -125

PR-1058 - 5,.

EPONOL 55340 - 23
E~qWOL55B40- 55

Mixed Solvent -100
Mzxed Solvent -120

Y-4522 - 10
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MP-13I0-N (Part A) -200 PR-1560-M (Part A) -200

1n-1058 - 60 9POWL 551 * Flain-

DOM)L 3330 - 40 Mixed Solvent -100

Niwad solveat -110
2414-520o10

T-.4922 -5|m

PIt-1560-M (Part A) -200

2414-320,6 Zl01OL 33/OUCO Resin - 25

Pit-150- (Part A) -200 Mixed Solvent - 80

PR-10O8 - 40
2414-521

EPq~oUI. 4 - 40
PR-1058 

-200

"lixed Solvent -100
PR-1560-M (Part A) -100

Y--4522 - 5

Talc - 65

2414-520.7 241-41"3.1 - 12

PR-1560-H (Part Ak -200
2414-521.1

PR-1058 - 60
PR-1058 -200

UPOWOL 55340 - 20 P.158-0
PR-1560-M (Part A) -100

Mixed .fo!•e..t -110

Talc - 65
Y..4522 - 5

2414-413.1 - 36

i 2414-520.8

2414-522
PR-1560-N (Part A) -200

PR-1058 -200
PR-1058 - 40

PR-1560-M (Part A) -100
EPONOL 55B40 - 20

Talc - 65

Mixed Solvent -100
2414-413.2 - 12

Y-4522 - 5
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2414-522•1 1

PR-lO8 -200

P•-1560-H (Part A) -100

Talc - 65

2414-413.2 - 36

2414-523.1

PR-10 57 -200

PR-1560-M (Part A) -100

Chlorobanzons -100
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TOTS :0 ., $==UVx,? T=n DA,, A

Sawim

3.3.9 Reasistance to Water
MIL-C-2772NIA

3.3.10 Resistance to 8alt Water and Fuel
MIL-C-27725A

3.3.13 Resistance to Iron Chloride
MIL-C-27724A

3.3.20 Resistance to Simulated Microbial byprodurts

HIL-C-27725A

QUALIFICAT ICH -f COIG E

P - Pass

F - Fail

a - Blistering

b - PFin Point Penetration

d - Loss of Adhesion

e - Underfilm Corrosion
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APPENDIX I

TABLE 2 -SCREENING TEST DATA

3.3.9 3.3.13 3.3,10 3.5.20

2414-5 F,a,d P.&,b,e F~a~d F,a.b~e
2414-6 F,&,d F,a,b,e P F~e,b,e
2414-8 F~a F,&,b F,a F* ,b,e
2414-10 F,a,d F~a,e F,a F,a,b,e
2414-17 F,a~d FA.h~e F,a,d F,A,b,e
2414-100.1 F,&.d F,e F,d P
2414-100.2 F,ad F~b,e F,d P
2414-100.3 Fa,d F,b,e F,d P
2414-100.4 F,aAd F,b,e F,d P
2414-100.5 F,a,d F~b,e F~d P
2414-100.6 F.&,d F,-*b~e F,d P,a,d
2414-101 F,a~d F,a.C~e Ftd F,b,c,e
2414-102 F,a~d F,b,c~e F,d F,b,c,e
2414-103 F,a,d Ftb,c~e F,d F,b,c.e
2414-104 F,a,d F,b,c,e F~d F~b,c,e
2414-105 F~a,d F,b,c,e F.4 F,b,c,e
2414-106 F,a,d F,b P~d F,b
2414-107 F,a,d F,b~c,e FPA F,b,c,e
2414-108 F,a,d P,b,e F.4 F,b,e
2414-109 F,a,d F,b~e F~d F,b
2414-200 F,a,d 7,c F.d F,c
2414-200.1 F,a,d P.c P.4 F~c
2414-200.2 F,a,d F,&.b P F,a,bge
2414-201 F,a.d P.c P.4 F.C
2414-201.1 F,a,d F,a,b P.4 F,a.b

2414-202.1 P,a.d F,c Ft4 P~c
2414-203 F,a,d F,c F,d F,c
2414-203.1 FaA, F,a ,b,e P.4 F,a,bg4,e
2414-204.1 P F,&,b~e P F,b~e
2414-204.2 F,a,d F,a,b,e P F.b~e
2414-204.3 F,a,d F,a,b,e F,a FPb~e
2414-203.1 P Fa,b,e P F,b~e
2414-205.2 P F,b~e P F,b.e
2414-205.3 P F,b,e P F,b,e
2414-2n,,.4 P F,b,e P F,b.e
2414-206.1 F,a,d P P p
2414-206.2 F,a,d p P P
2414-206.3 F,.a.d P P p
2414-206.4 F,a,d p P P
2414-207 F,a F~atb,e P P,b~c.e

*2414-207.1 F,. F,a,b,e p F,a,c,e
*2414-208.1 F,a~d F,a,b,e P F,.

2414-208.2 F,a,d Fp,ab,e P F,.
2414-208.3 F~d Fl,b,e P F,.

*2414-208.4 F,d F,a,b,e P F,.



3.3.9 3.5.15 3.5.10 5.3.20

2414-20b.5 F,d F~a.b~e P V~a

2414-208.6 p F.a.b~e P F,&

2414-20.7 F,a.d F,a.b,e P F,.

2414-300.6 P.81 !.a,boe P F~a

2414-209 F,a F,b.c.e P Fta,b,e

2414-209.1 F,a& F b,c,e P F,b,c~e

2414-210 P.4 F,b,c,e P F,b,c~e

2414-210.1 F~a F,b,c~e P Fbc

2414-211 P~a P~b,c,e p F,b,c..e

2414-211.1 Pa F,b,c,e p F,b~c,e

2414-212 F.a p P F,&

2414-212.1 F,a p P F,a

2414-212.2 P p P F,&

2414-212.3 p F~a P Fa

2414-213 F,a F,&,b P F, a

2414-213.1 F~a F~a,b p a

2414-213.2 F,& F,a,b P P,a

2414-213.5 V~a Va~b P P.4

2414-213.4 F'la F,a.b P V~a

2414-213.5 1,a F~a,b P F,aI2414-214 F,a,d F,a,b P F~a,b
2414-215 F,a F,a,b P F,a,e

2414-215.1 F,& V,a,b P F,a,b,e

2414-215.2 V~a F,a p F,a,b,e

2414-215.1 V,ad F,a,b, p, F,a~c.

2414-215.4 V..~ F~a,b P FPabe
2414-215.4 ?,&,d F,a,b P F,a,b,e
2414-216. F,a~d F,a,be P, F,acb,eI
2414-216. V,.,d F,a,ab,e F,&a F,a,c,e
2414-216.2 F,a~d F'a.bk ?,a 4ce
2414-216.3 F,a,d F,a,b,e F,& F,a,c.e

2414-217.1 P P P P

2414-217.4 - -- (no tests run)
2414-217.5 P P p P

2414-217.6 P P P P

2414-217.51 p P P F,d2414218 ~ a~dP~a~~e F& F~~ci
2414-218. F,a,d F,a,b,e V~a F,a~c,e
2414-218.2 F~ad F,a,b,e F,. ~~~

2414-218.3 F,a,d F,a~b V~a F,a,c,e

2414-219 P F,a,b P F~a,b
2414-219.1 V,a P,b p F,a
2414-219.2 p F,a,b,e P F,a.b~e
2414-220 P P,a,b.e p f,a,b.e
2414-221 P~ad P.4 P F,a,b,e
2414-221.1 p P,a,b P F,a,b

2414-221.2 V~a F,a~b F,a F,a,b
2414-221.3 F,a.d P,a,b P.8 F,a

2414-221.4 F,a.d F,a,b,e F,a P

2414-221.5 V~a F,b P F,a

2414-222 VFa,d F,a P a

2414-222.1 F,a,d Fla,b,e P F,a
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3.3.9 3.3.13 3.3.10 %.3.20

2414-222.2 Fa.ed F.a,b,e p F.A
2414-222.3 F,a F~a,b,e P F,a
2414-222.4 F,A F,a~b,e P F's
2414-223 Fea F,A~b,e P P

2414-223.1 F's F,a,b,e p Fes
2414-223.2 P F,a,c~e P F~b

2414-225.5 P Fa,&C,e p Fa&,b,e
2414-224 F,a F,a P p

2414-225 P P P F,&
2414-226 F.a,d F~a~b F.a,d P,a,b,e

2414-226.1 F~a,6 Foa,b F,d F,a,b,e

2414-227 F,a~d F,&,c,e F,a,d F,&,b,e
2414-227.1 F,a,d Feb.b~ F,d F,a.b

2414-228 F,a,d F~a,b F,d F,a,b~c

2414-228.1 F, a,d F.&,b F~d F~atb~e

*2414-229 F,a,d F,a.b F,d ,*

2414-229.1 F~a,d F,.,b,e F,d F,a.e
*2414-230 F,a,d F,.a F,d F,a

2414-231 F,a.d Fea F~d P.4

2414-231.1 Fta*'i F,b F,. F,a

2414-231.2 F~a,d P F,a F,&
2414-252 F,a,d F.. F~d F,&

*2414-232.1 F,. P P Fea
2414-232.2 F,a F,b P F.a~b

2414-232!.3 P F,b P F,a~b
2414-232.4 F,a P P F,&
2414-232.5 F,a,d F,a~b F,d F,&

2414-232.6 F,a,d P, *b F,d F,&

2414-232.7 P F,b P r

2414-233 P F,aIb P F,a
2414-234 F,a F,a,b P F,a S

2414-234.1 F.. F,b P F,a

2414-234.2 F,a F.. p F.a

2414-234.3 F,a F, a F,A P.a
2414-234.4 F,. F,. F~a F,a,b

2414-234.5 F,a F's F~a F.a,b,e
2414-234.6 F~a.d F,a,b F,d F,a~b
2414-234.7 F,a,d F,a,b~e F~d F.a,b~e
2414-235 P F~a,b,e P F,a,b

2414-235.1 P F,a,b,e p Fa.abte
2414-235.2 P F~a,b,e p ab

2414-235.3 P p P F,A
2414-235.4 F,. p P F~atd
2414-235.5 p, P F,a,d

I2414-236 FF,a.d Fa.ab,e F,a F~c
*2414-236.1 F,a,d P,c I',a F.c

2414-237 F,. F,a~b p ,be

2414-238 P F,b P P~m

2414-238.1 F,a F,a,b P F,a

2414-238.2 F,a,d F,b F,,a F,a
*2414-238.3 F,a,d F,a F,a F,a
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S.5.9 5.5.15 3.3.10 3.3.20

12A4-2386 -A a F..b~

244-59F.0 lab,; P F.b.e
2414-240 p P v Fs

24424. F PP F,a
2414-240.2 P~a F, ,a
2414-241 F,a.d Fa F,d P.C
2414-241.1 V.&Ad F.0 F~d F,a
2414-241.2 F~a.d Fs P.d F.&
2414-241.3 ~a~d Fs P.4 F,a
2414-242 laSd l~ab Pt& P&
2414-242.1 V~a l~a P F.a
2416-243 P P P F.&
3414-245.1 P.4 P p Pa
241U-263.2 P P P F~a,b,e
2414-245.5 P P P ýpatb,e
2414-2"4 P~a.d Fa,ae P.a F,ao,be
2A14-244.1 l~ad Fa,b~e F.a Fa&b,e
2414-245 ?,a F,a,b.e P Pg,a,be
2414-245.1 F,atd F,a,b,e F~d F.a,b,.
2414-245.2 P'a F,& P F.&
2414-245.5 Fa F,agb,e P la&,b,e
2414-243.6 P~a~d Feab P F,a,b
2414-245.5 F,a Pa&.b P F,a,b
2414-300.1 F,a,d F,a.b,e P Fa&,b,e
2414-300.2 F,A,d 1*a~b,e P F~e
2414-300.3 PA F,a,b,e P F,b~c,e
2414-500.4 F,a,4 F,a,b,e P P,b,e
2414-300.5 ?.&Ad Foa,b P F,b,e
2414-301 F,a F.A P F,&,b
2414-501.1 V,a F~a~b P F~a,b,e
2414-301.2 P l.a P e
'1414 -302 P F,a.b,e P F,a
2414-302.1 Poa IPa,b,e P P~a~b
2414-302.2 F,& Fa,ab.e P F~a,b
2414-303 F~a F,b~c,e P F,a,b,e
2414-303.1 F,a F~a~b,e p F,a,b
2414-303.2 P.c F,a,b P &,
2414-303.3 F,a F,&,b,e P Fra,b,e
2414-303.4 P F,b P F.a,b,e
2414-304 ?,a~d P P F,a
2414-305 Flad P,4 F,a,d Pa,e
2414-306 P,avd p P P~a
2414-306.1 F,atd p P F,a
2414-507 F,d P,bpc,e 7.4 F,e,e
2414-307.1 1,d F,b,c,e F~d P.c,e
2414-307.2 F,d F,b,c,e F,d F,c,e
2414-307.3 F,4 F~b~c,e F,d F,C,e
2414-308 P,a,d F,a P Fta
2414-508.1 Fva,d F,& P F,a
2414-400 P P P P
2414-401 P F,b,e P F,b,e
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2414-401.1 P F.b,e p F,b.e
2414-401.2 P F,b,c,e P F,b~c,e
2414-401.3 p F,b,c,e P F,b,c,e
2414-401.4 F,& F,b,c~e p F,b~c.,e
2414-401.5 Fa F,b~c,e P F,b,c,e
2414-401.6 F,a F~b,c,e P F,b,c,e
2414-402 F,a F~b,c,e F,a F,b,c,e
2414-405 p F,b,c,e P F,b,c,e
2414-403.1 p Ftb P F,b,c,e
2414-405.2 P F,a,b,e p F.b,c,e
2414-405.3 P F,b,c,e P F,b)c,e
2414-404 p F~a P F~a,t,e
2414-404.1 P F,a P o~bp
2414-405 F,a,d F,&a F~a F, a
2414-406 P p P P
2414-407 P P P P
2414-408 F,d F,d P P01
2414-409 F,a,d F,c F,a,d F,c
2414-410 F,d F,b,e P F,b,c~e
2414-411 F,d F,c P F,b,c,e
2414-412 P F,b,e P F,b.c,e
2414-413 p P P F,&
2414-415.1 P F,& P F,a

F2414-415.2 P P P F,a
2414-414 F,d P P P
2414-414.1 F,d P P P
2414-415 F,d F,e p P
2414-415.1 F,d F,e P F,a
2414-416 F,d F,C,d F,d F,a,c,d
2414-417 P F,e P F,e
2414-417.1 P F,e P F
2414-417.2 P F,e F F,e
2414-417.3 P F,e P F,e
2414-417.4 P F,e P F,e
2414-417.5 P FeP F,e
2414-417.6 P P P P
2414-417.7 P P P p
2414-417.8 F,d F,d,e p Fod,e
2414-417.9 F,d P F,d P
2414-417.10 F~d P F,d P
2414-:417.11 F,d F,e P P
2414-417.12 F, d F,d P Fs
2414-417.13 F,d F,c,,d F,d F,a~c,d
2414--417.14 P4d F,d F,d Fac;
2414-41a F,d F,e F,d e
2414-418.1 P F,e P F,e
2414-418.2 P F,b,e P be
2414-418.3 P F,b,e P F,b,e
2414-418.4 P F,b,e P F,b,e
2414-418.5 P F,b,e P F,b,e
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24441. 33.9 3.3.13 3.3.10 3.3."0

2414-418.6 F ,b,e p bce

241.4-418.; P F, b,e P F,b,e
2414-418.9 p F,b,e 2F,b,e
2414-411.11 F,d F~b~e F,d F,b,e
2414-418.12 P,d F,b,e F~i F,b,e
2414-413.13 F,d F~b,e F,d,e F,b,e
2414-418.14 F,d F,b,p. F,d F,b,e
2414-41G.15 P4d F,b,e F,d F,b,e
2414-418.16 P,a,d F,b~e F,d F,b,c,e
2414-416.17 P,d F,b,e F,d F~b,e

2414r418.18 F,d F,b,e P,d F,b,e
2414-418.19 F,d F,b,e F,d F,b,e
2414-,418.20 P F,b,e Pde
2414-418.21 17,a,d F,b,e F,i F,d,e
2414-418.22 F,a,d F,b,c,e F be
2414-418.23 P F,b,e F F,bo,ee
2414-418.24 P F~a,b,e P ab
2414-418.25 F,d F,a,c,e P F,a,b,e
2414-418.26 p F,a~c,e P F,1b,e
2414-418.27 F,d F,a,b,e P F,b,e
2414-418.28 F,d F,a,b,e p F, 1,,e
2414-418.29 P F,a P ae
2414-418.30 P F,a P F,a
2414-418.31 P F,e P E>,e
2614-418.32 P F,,e PFl
2414-419 F,c F,c,e P I~~
2414-419.1 F,c F *c,e P F,c,e
2414-419.2 p p p
2414-420 F,a,d F,ck,b,e F,a F,a,b,e
2414-420.1 F,a,d F,a,br,e F,a. F,a,b,e
2414-420.2 F,a,es F,a,b p F.S,b
2414-420,3 F,a,d F,a,b P F,a,b
241-420.4FadFaPFa
2414-25 F,a~d F,a P F,a
2414-420.5 F,ad Flb Fp F,abe
2414-420.8 F,a,d F,b F,dI F,a,b,e

2414-422 P F,b P F,b,e
2414-422.1 P F,b,e P be
2414-422.2 F ,d F,b P F,b,e
2414-422.3 F,a,d P F,a F,b,e
2414-422.4 F,a F,b,e P F,b,e
2414-422.5 F,d F,b p, F,b,e
2414-422.6 F,dc F,b,e P F,b,e

2414-422.7 F,a,d F,a F,a P,a,b,e
2414-422.8 F,a,d F~a F,a F,b~e
2414-422.9 F,d }7,b,e p F,b,e -

2414-423.3 F,a. F,a,b,e F,a,b,d F,a~b,e
2414-423.4 Fla F,a '.b F,b,d F,a,b,e
2414-423.5 F,a F,a,b,e F,b F,a,b,e
2414-424 F, a P pO F,b,e
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3.3.9 3.3.13 3.3.10 3.3,20

2414-425 P P P F,a ,b
2414-425.1 p p P F,a,b
2414-425.2 p p P F,a,b
2414-425.3 P P P p
2414-425.4 P P P P
2414-425.5 P P P P
2414-425.6 P P P P
2414-425.7 P P P P
2414-A25.8 P P P P
2414-426.4 F,a F,a P F,a
2414-426.5 F,a F,a P F,a
2414-426.6 F,a F,a P F,a
2414-426.7 F,a F,a P F,a
2414-427 P F,a,b,e P F,b,e
2414-427.1 P F,a,b,e P F,b,e
2414-427.2 P F,a,b,e P F,b,e
2414-427,3 F,d F,a,b,e P F,a,be
2414-428 P F,a P P
2414-428.1 P F,a P P
2414-428.2 P F,a P P
2414-428.! P F,b,e P F,e
2414-428.4 P F,b,e P F,e
2414-428.5 P F,b,e P F,b,e
2414-501 P P P P
2414-501.1 P P P P
2414-501.2 P F,a P P
2414-501.3 P F,a P F,a
2414-501.4 P P P P
2414-56..5 P P P P
2414-501.6 P P P P
2414-501.7 P P P P

"• 0 ,a P F, a F ,a
2414-501.9 F,a,d P F,a,d F,a
2414-501.10 P P F,a,d F,a
2414-501.11 ,a,d P Fa ,d F,a
2414-3501.12 P P P P
2414-505 -'.a F,b P F,a,b,e
2414-505.1 F,b P F,a,b,e
2414-505.2 F,b P F,b,e
2414-505.3 F,a P P F,b

t 2414-520 P P P F,a
2414-520.1 P P P F,a
2414-520.2 P p p F,a
2414-520.3 F,a P P F,a,e
2414-520.4 F,a P P F,a,e
2414-520.5 F,a,d F,b,e F,d F,e

t 2414-520.6 F,a F,b,e F,d F,e
2414-520.7 F,a F,b,e r ~d F,e
2414-520.8 F,a F,b,e F,d Fa~e
2414-520.9 F,a,d P P F,a
2414-520.10 F,a,d P P Fa,e
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5.3.9 3.3.13 3.3.10 3.3.20

2414-521 p P,a P F.A
2414-5321.1 P F,a P F,a
2414-522 P F, a P F,a
2 4.• -.7'42.1 P F,4a P F, a
2414-523,1 P P P P
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APPENDIXA

TABLE 3

Test Report of One-Package Surface Coating 2414-501.4

to Specification MIL-C-27725A Amendment 2

as modified (Section IV B)

Paragraph Property Requirements Results

3.1 Qualification Not pertinent

3.2 Materials The two-part
requirement is
waived.

3.2.1 Appearance Conform to spec. Passes test

3.2.2 Toxic products and Conform to spec. No known severely
formulations toxic ingredients

are contained in
formula 2414-501.4

3.2.2.1 Toxicity certification Not pertinent
at this time.

3.3 Properties

3.3.1 Application properties Conform to spec. Meets
and surface appearance requirement

5.3.2 Color Conform to spec. MeeLs
requirement

3.3.3 Weight per gallon Within + 5% of Meetp
qualification requirement
sample.

3.3.4 Nonvolatile content ).35% 42%

3.3.5 Viscosity 10-20 sec. 20 sec.

3.3.6 Application time Not applicable

3.3.7 Drying time 4 hours 2 hours

3.3.8 Cure time 14 days @ std. Meets
cond. or 2 days requirement

s@ td. cond. plus
24 hrs. @ 1200 F.
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Paragraph Property Requirements Results

3.3.9 Re•uitanced to water Conform to spec. Passes tost

3.3.10 Aesistance to salt Conform to spec. Passes teat
water and fuel

3.3.11 Resistance to engine Conform to spec. Passes test
oil

3.3.12 Resistance to Conform to spec. Passes test
hydraulic fluid

3.3.13 Resistance to iron Conform to spec. Passes test
chli• r ide

3.3.14 Fuel contamination Conform to spee. Not performed

3.3.15 Low temperature Conform to spee. Passes test
flexibility

3.3.16 Sealing compound
compatibility

3.3.16.1 Sealing compound to Not applicable
coating material

3.3.16.2 Coating material to Conform to spec. Meets
sealing compound requirement

3.3.17 Material Not applicable
compat ibil ity

3.3.18 Accelerated storage 14 days @ 1200 F. Passes test

3.3.19 Repairability Conforms to ,.pec. Meets
requirement

3.3.20 Resistance to Conforms to spec. Passes test
simulated microbial
byproducts

3.3.21 Free diisocyanate 40.45% 0.25%
content
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APPENDIX II

FIGURES

Specimen identification includes formulation number and test
exposure, referepce MIL-C-27725A.
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Formula: 2414-406 Formula: 2414-4068

Exposure: 0.5% iron cWloride, Exposure: 0.5% iron chloride,
10 days at 140V F 10 days at 1400 F

3.3.13 nf MIL-C-27725A 3.3.13 of MIL-C-27725A

Figure 6
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For.-!a: 2414-416 Formula: 2414-416
Exposure: 5% acetic acid/JRF, Exposure: 0.5% iron chloride,

5 days at 140- F 10 days at 140 F
3.3.^, of MIL-C-27725A 3.3.13 of MIL-C-27725A

Figure 8
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Formula. 2414-420 Formula: 2414-420.1 Formula: 2414-420.2
Exposure: 0.5% iron chloride. Exposure: 0.5% iron chloride, Exposure: 0.5% iron chloride,

10 days at 140- F 10 days at 140- F 10 days at 140- F
3.3.13 of MIL-C-27725A 3.3.12 of UIL-C-27725A 3.3.13 of MIL-C-27725A

t ,

Formula: 2414-420.3 Formula: 2414-4201.4 Formula: 2414-420.5
Exposure: 0.51 iron chloride, Exposure: 0.5% iron chloride, Exposure: 0.5% iron chloride,

10Ddays at 140- F 10 days at 140* F 10 days at 140* F
3..3o I--72A3.3.13 of MIL-C-27725A 3.3.13 of MIL-C-27725A

Figure 14
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Formula: 2414-420 Formula: 2414-420.1 Formula: 2414-420.2Exposure: 5% acetic acid/JRF, Exposure: 5% acetic acid/JRF, Exposure: 5% acetic acid/JRF,5 days at 140* F 5 days at 140- F 5 days at 140- FU3.20 of MIL-C-27725A 3.3.20 of MIL-C-27725A 3.3.20 of MIL-C-2TI2SA

iI

t4

Formula: 2414-420.3 Formula: 2414-420.4 Formula: 2414-420.5
Exposure: 5% acetic acid JRF, Exposure: 5% acetic acid/JRF, Exposure: 5% acetic acid/JRF,5 days at 140- F 5 days at 140- F 5 days at 140 F3.3.20 of MIL-C-27725A 3.3.20 of MIL-C-27725A 3.3.20 of MIL-C-27725A

Figure 15

1065



4L.

:7U-

.t, 0

UL

LL.LLJ

107 K



.trli

108



LA- i

C.

L&.

-z L .



eý4 C .

3E

U- -i



Titl

44
CiU

69 @

41C

ap; Pn _



Bill

Forma. A414-217.1 Formula: 2414-245.5
E % cic acid. JRFL Exposure: 5% acetic acid/JRF,

5 days at 140' F 5 days at 140- F
"3.3-- 2 " OL-C-2fl25A 3.3120 of MIL-C-27725A

SII
_|. I .I *_

Formula: 2414-245.2 Formula: 2414-245.3
Exposure: 5.o acetic acid/JRF, Exposure: 5% acetic acid/JRF,

5 days at 140o F 5 days at 140o F
33..20 of MiLC-21725A 3.3.20 of MIL-C-27725A

Figure 20
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Formula: 2414-217.1 Formula:24-24.
Expisure. 5% acetic acid/JRF, E2posure: 5 .4ctcacdJF

5 days at 1400 F Epsr:5 daysti at1400 F,
3.3.0 ofMILC-2,25A3.3.20 of MIL-C-27725A

I'I

Formuld: 2414-245 Formula: 2414-245.1
Exposure: 5% acetic acid/JRF, Exposure: 52 acet4 acid/5RF,

5 days at 140° F 5 days at 140c F3.3,20 of MIL-C-27725A 3.3.20 of MIL-C-21725A

Figure 21
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Formula: 2414-217.1 Formula: 2414-420.8
Exposure: 5% acetic acid/JRF, Exposure: 5% acetic acid/JRF,5 days at 1400 F 5 days at 140o F
3.3.20 of MiL-C-27725A 3.3.20 of M:L-C-27725A

Formula: 2414-420.9 Fow.iula- 2414-424Exposure: 5% acetic acid,'JRF, Exposure" 5% acetic acid JRF,
5 days at 140° F 5 days at 1400 F3.3.20 of MIL--C-27725A 3.3.20 of MIL-C-27725A

Figure 23

115



t -i

~'LL:

.~.Z0

U- IU

LIM,

cn I 6



|--

Formulx- 2414-501.4 Formula: 2414-501.4
Exposure: Distilled water, Exposure: 3% salt water JRF,

3A days at 1400 F 30 days at 140° F
3.3.9 of MIL-C-27725A 3.3.10 of MIL-C-27725A

Formula: Z414- 501.4 Formula: 2414-501.4
Exposure: 0.5S% iron chloride, Exvýsure: 50v acetic acid JRF.

10 days at 140 F 5 days at 140ý F
3.3.13 of MIL-C-27125A 323.20 of _IL-C-2175A
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Effect of alkaline steam cleaning detergent on alodined 7075 T6 aluminum test panel.

Figure 27
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Spray application of coating formiula 2414--50,1.4 111 integral fuel tank component parts.

Fibjre 29
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Inner view Of spray-coated integral fuel tank.
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Specification test of formula 2414-501.4

Exposure: 0.5%. iron chloride,

10 days at 140-F

4.7.13.1 of MIL-C-27725A

Fijure 36
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compatibility comoatibility
Type 1, 4.7.16.2 of MIL-C-Z7725A Type 11, 4.7.16,2 of MIL-C-27725A

Figure 38
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Specification test ot formula 2414-501.4 Specification test of formula 2414-501.4
Material reparability test Material reparability test
Type I, 4,7.19 of MIL-C-27725A Type II, 4.7.19 of MIL-C-27725A

Figure 39
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APPENDIX III

EXPERIMENTAL PROCEDURES

Specimen preparation as well as the four environmental screening
tests were conducted as described in MIL-C-27725A (USAr).

Surface coating formulations were studied on two types of aluminum
surfaces.

A. Type I, bare aluminum alloy 7075-T6, conforming to specification
QQ-A-250/12, with chemical treatment in accordance with
MIL-C-5541.

B. Type II, bare aluminum alloy 7075-T6, conforming to specification
QQ-A-250/12, with chemical treatment in accordance with Type II
of MIL-A-8625.

The aluminum panels were cleaned with the following multicomponent
solvent, reference Table II of MIL-C-27725A:

Ingredient SLpecificat ion % by Volume

Aromatic petroleum naphtha TT-N-97, Type I,
Grade B 50

Ethyl acetate TT-E-751 20

Methyl ethyl ketone TT-M-261 20

Isopropyl alcohol MIL-P-5566 10

The surface coatings were applied on 3" x 6" x 0.040" Types I and II
aluminum panels, using a Fisher-Payne dip-coating apparatus at a constant

. •|e~wih,-rawaJ~l !!,,-1 -e f four. inc'hes n r m'invitp, (•p •'!•&" ••t~afh~4at~1 n~.Aof ourinc er minute. (See Figcure 410)1. Prior to
environmental testing, all coated panels were cured for 14 days at 75+
5F. and 50+ 10. relative humidity.

The four environmental screening tests drawn from MIL-C-27725A, which
were employed as a means of evaluating candidate coating formulations, are
listed below:

A. Paragraph 4.7.9 - Resistance to water

B. Paragraph 4.7.10 - Resistance to salt water and fuel

C. Paragraph 4.7.13 - Resistance to iron chloride

D. Paragraph 4.7.20 - Resistance to simulated microbial byproducts.
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APPENDIX TV

MATERIALS

Trademark or
Demsination Description Supplier

A-153 Phenyltriethoxysilane Union Carbide
A-1100 Gauma-aminopropyltriethoxysilane Union Carbide
APD 2-Ethyl, 2-allylpropanediol-l,3 Aldrich Chemical

Co.
Carbon Black Carbon pigment Baker Chemical Co.
CA Cellosolve acetate Braun Chemical
CB Chlorobenzene Braun Chemical
Cr 2 03  Chromium oxide Baker Chemical Co.
DCB D'chlorobenzene Braun Chemical
DDI A Lphatic diisocyanate General Mills
Desmodur N Aliphatic polyisocyanate Mobay Chemical Co.
DMP 30 2,4,6-Tridimethylaminomethyl phenol Rohm and Haas
ET 395-1300 Diphenyl oxide NOVOIAC Dow Chemical Co.
E-196 Isocyanate terminated prepolymer Mobay Chemical Co.
E-42AP7/V66KP16 Two-part epoxy coating Sherwin Williams
EPOCRYL E-11 Unsaturated polyol Shell Chemical C-
EPON 1031 Solid epoxide resin Shell Chemical Co.
EPON 154 Liquid epoxide resin Shell Chemical Co.
EPONOL 53 Bisphenol A:epichlorohydrin Shell Chemical Co.i copolymer

01EPOL 55 Bisphenol A:epichlorohydrin Shell Chemical Co.
copolymer

EPOXIDE 207 Solid epoxide resin Union Carbide
F-84 Isocyanate terminated prepolymer Mobay Chemical Co.
Hycar CTBNX Carboxyl terminated polybutadiene: E. F. Goodrich

acrylonitrile copolymer
Hycar l.fBN Mercaptan terminated polybutadiene: B. F. Goodrich

acrylonitrile copolymer
Hycar 1022 Polybutadiene:acrylonitrile B. F. Goodrich

copolymmr
Hooker Prepolymer Hydroxy terminated, fluorinated Hooker Chemical

ad'-pate- isophthlate prepolymer
LP-52 Polysulfide prepolymer Thiokol Co.
Maglite D Magnesium oxide Merck & Co.
Maglite Y Magnesium oxide Merck & Co.

S MEK Methyl ethyl ketone American Mineral
Spirits

S MDI p,pý-methylene diphenylisocyanate Mobay Chemical Co.
Mondur HX Hexamethylene diisocyanate Mobay Chemical Co.
Mondur MR Polyaromatic isocyanate Mobay Chemical Co.
NACGCCATE H12 Aliphatic diisocyanate Allied Chemical
NIAX 520 Polyester polyol Union Carbide
N LAX 560 Polyester polyol Union Carbide
Nycote 7-11 Nylon solvent solution Nycote Labs
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PAGe Polyallyliglycidyl ether Shell Chemical Co.
PR-1057 One-part polyurethane coating Products Research

g& Cmical Corp.
P IR-1036 One-part polyurothane coating Products Research

& Chemical Corp.PR-1422 Dichromate cured polysulfide Products Research•

sealant & Chemical Corp.
P 0-1 b -Manganese cured polysulfide Products Research

sealant & Chemical Corp.
P9-1460-H (Part A) Iso0yanatr adduct (activator for Products Research

two-part urethane coating) & Chemical Corp.
PT-1566 (Part B) Base silicae-part urethane Products C esiarch

coating & Chemical Corp.
PR-1710 (Part B) Fluoroglaitom r Products Research

& Chemical Corp.
Shell ai,-3 Ketimine Shell Chemical Co.
Sylkem 90 1,3-bio (3-glycidoxr propyl)- Dow Corning

tetramethyl disiloxane

Q 94-002 On*-part fluorosolirone Dow Co .ing
Spenkel DV-1180 One-part polyurethane coating Spencer Kellogg

Tale Aluminum silacates Baker Chemical
TDI Toluene diisocyanate Monsanto Chemical

TOP Trioctylphosphine Carlisle Cbemieal
Un-thane 100 CA One-pret urethane coating Thiokol Chemical
Urethane G optapyst retalorianic Products Researchg

& Chemical Corp.
Versamid 415 Polyamide General Mdille
Viton A Fluoroolastomer DuPont Co.
Viton B Fluoroelastomer DuPont Co.
Viton LM Pluoroelastomer DuPont Co.
Y-4086 Spozys ilans Union Carb ide
Y-45.22 Merceptosilane Union Carbide
2-6030 Metheeryloxypropyl trimethoxysilane Dow Corning
Z-6040 Glycidoxypropyl trimethoxysila-ae Dow Cornirg

II
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